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THE STEEL TUBE AGE 


16 inch § & L steel water pipes at Calder Hall, 


Britain’s first atomic power station. 


These pipes are protected externally ‘with bitumen asbestos sheathing 
and internally with bituminous solution. They have plain ends for use with 


Viking Johnson Couplings. (See section below). 
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THE SPIRIT 
OF PARTNERSHIP 


HE quiet and friendly manner in which 
tj a delicate problem involving the redun- 
dancy of 1,500 workers was resolved by 
Vauxhall Motors has won the admiration of 
British industry. Even more so as it took 
place when the passions roused by the B.M.C. 
strike over a similar issue had barely subsided 
and angry words were being spoken on the 
subject at Hastings. “* The Vauxhall Way ” 
is the heading of a Human Element note in 
this issue. The matter of greatest interest lies 
in the reasons why, for two companies 
similarly placed in the same industry, one 
should find the task so hard and the other so 
easy. Inevitably differences are sought, and 
they are to be found almost entirely in the 
field of management or, more precisely, in 
management-labour relationships. 

Vauxhall have a management advisory 
committee, “ working as a democratically 
elected body under a carefully drafted 
constitution.”” Of the 27 members, 21 are 
elected by the employees; the chairman is the 
managing director of the company. Vauxhall 
operate a profit-sharing scheme started in 
1935, whereby 10 per cent. of the net profit 
(after deducting 6 per cent. on the net 
capital employed) is paid into the profit- 
sharing fund. In addition, meticulous atten- 
tion is paid to the sharing of information with 
employees. This has become a feature of 
effective management almost everywhere, 
and is an_ essential element in  co- 
partnership. If, by doing these things, 
Vauxhall can put across the most distasteful 
measures, why then has co-partnership not 
been more widely adopted in British industry? 

The most pertinent answer has probably 
been given by I.C.I. in the foreword to a 
description of their own _ profit-sharing 
scheme: “ The introduction of any form of 
profit-sharing or co-partnership must not be 
regarded as a cure for bad labour relations. 
Rather, such a scheme should be considered 
as an advanced step in strengthening relations 
where a considerable measure of mutual 
understanding and confidence already exists 
between management at all levels and other 
employees.” The company go on to say that, 
in their opinion, profit-sharing must not be 
regarded as a substitute for a “ fair, logical 
and effective wage and salary structure, 
including individual incentives of every 
appropriate kind.” The aim of any such 
scheme should be to give all concerned, 
management and worker alike, the feeling of 
belonging to a common enterprise. If this 
feeling exists, then problems can be tackled 
jointly and the most difficult solved in an 
atmosphere of mutual understanding and 
respect. This is doubtless why so many of 
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the most successful and highly profitable 
companies in British industry are to be found 
in the membership list of the Industrial 
Co-Partnership Association (brief details of 
which are given on page 228). But it takes 
time, and much patient endeavour, to reach 
the stage at which a co-partnership scheme 
may be introduced successfully. 

During the past few years the Government 
have given a great deal of encouragement to 
the introduction of co-partnership schemes. 
Sir Anthony Eden, speaking in debate on the 
Queen’s speech in the first session of the 
newly elected House of Commons last year 
said: “* If this country is to be fully prosperous 
and if the people are to have an ever- 
increasing share of an_ ever-increasing 
prosperity, it will be found in the workers 
having, in some form, an increasing share, 
direct or indirect, in the industry in 
which they work. Call it profit-sharing, 
co-partnership or whatever you like, but in 
various forms and phases something of that 
kind has, I believe and I pray, come to last 
in British industry.””. An inquiry recently 
conducted by the Ministry of Labour into 
the extent of profit-sharing and co-partnership 
in industry—based on replies from 1,800 
undertakings—showed only 310 such schemes 
existing at the end of 1954. In a letter to 
The Times, Mr. W. Wallace, chairman of 
Rowntree’s and of the Industrial Co- 
Partnership Association, pointed out that the 
Ministry’s coverage had not been very full 
and that he had good reason to believe many 
more schemes were in fact in existence. 

In the present worsening industrial climate 
the country would be better served by a 
widespread adoption of co-partnership and 
profit-sharing schemes. Only then will the 
trade unions feel that their members have an 
opportunity to share in the profits they help 
to earn and the responsibility for their 
actions from which stems a feeling of self 
respect and pride in the quality of product 
their firm produces. Furthermore, it would 
help to identify the manager and the worker 
with one enterprise, where both work. 
There is nothing in this contrary to any 
political creed or belief. The problems of 
management are best settled locally, man to 
man; the further the negotiations take place 
from the works—at district, union level or 
national level—the harder it becomes to 
negotiate sensibly without emotional appeals 
to the mass of absents. This is not an 
argument in favour of abandoning collective 
bargaining for wage levels, or working hours, 
or other allied matters. Co-partnership is 
an essay in common endeavour and—however 
discredited and abused during the hey-day of 
Joint Consultative Committees—it is, as Sir 
Anthony Eden pointed out, the most direct 
road to prosperity. 
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Plain Words 


“I’m sorry sir,’ said a voice at the other end 
of a very long distance line, “‘ he’s on vacation, 
and won’t be back for a fortnight.” 

“* Well, how about his assistant ?” 

“I’m afraid he’s away too.” 

‘Is anybody there who can help me ?” 

*“No sir. You see, the factory’s closed down 
for the annual holiday, and there’s nobody here 
but maintenance staff and me.” 

Another job has temporarily to be shelved; 
another exasperated engineer, consultant, sales- 
man or buyer has to re-plan his programme of 
work. The factory is closed, this time by 
common consent—no blacklegs to be seen, no 
pickets at the gates. 

In another factory, another harassed man 
struggles against heavy odds to keep his half- 
manned office up to date, his normal sources of 
advice and information no longer available, his 
work augmented by the legacy of absent col- 
leagues, now sunning themselves in flowered 
smocks on the beaches of Bognor or Biarritz. 
He is too busy to look forward to his own 
fortnight in the mountains or the lakes, and when 
it comes, he will be left with such a residue of 
irritation and exhaustion that the first week will 
pass before he begins to enjoy himself. And 
when he comes back his in-tray will be so full 
that he may wish he had never been away. 

This dismal, perhaps jaundiced, view of 
August is surely the product of our holiday 
habits. Holidays, we should be the last to 
deny, are a very necessary respite and refresh- 
ment; more, they are a good thing in themselves, 
‘a part of experience lacking which life would be 
like a day without sun, un repas sans vin. But 
for those who remain behind, they can be a 
curse. 

In Britain we have as much chance of warm 
weather in April as in July, in October as in 
August, and yet most of us choose just a couple 
of months in which to go away. Indeed, what 
with sunspots and our latest scapegoat, the 
nuclear weapon test, we might as well stay at 
home. But since we do in fact insist on a 
change, why must we all gather on Brighton 
beach at exactly the same time ? 

‘** What about school holidays and the longer 
hours of daylight ?”’ will be the immediate 
retort to any suggestion of staggering. But 
school holidays are usually long and, in spite of 
public examinations, already staggered to some 
extent; in any case, by no means all the people 
who take an August holiday are limited by 
children. Light evenings are no doubt an 
advantage, but few of us would wish to spend 
twelve hours a day on the seashore, and surely 
the comparatively empty beaches in May or 
September would be ample compensation for 
this small sacrifice. 

No doubt there are other formidable arguments 
against staggered holidays. Habit and tradition 
are hard to break; it may be more economical to 
close a factory down completely than to work on 
short staff; one’s absence on holiday cannot 
hinder a business associate or give advantage to 
a competitor, if they are on holiday too. Never- 
theless, it is surely dangerous for links in the 
chains of commerce and production to be 
severed, even for a brief period. 

Parliament has gone uneasily into recess; 
firms have closed down; key personnel are in 
hiding—far from the telephone’s intrusion; 
holidays are in full swing. Industry is missing 


on several cylinders, the nation’s pulse is weak. 
Now is the time for an ambitious dictator to 
put his plans into operation. 























Fig. 1 
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Hunting Geophysics’ Dakota equipped with magnetometer, installed in a tail boom; 


electromagnetic detector, comprising a horizontal transmitting coil, vertical de-gaussing coil, and 
receiver unit—the ‘‘ bird ’’—here seen only partially trailed; and a scintillation counter, mounted 
in the fuselage floor. 


GEOPHYSICAL 


PROSPECTING 


FROM THE AIR 


The first geophysical survey aircraft in Europe 
to be fitted with instruments capable of detecting 
simultaneously magnetic, radio-active and elec- 
trically conductive ores and substances in the 
earth’s crust, recently left England for Africa, 
where she has begun an initial programme of 
16,000 line miles prospecting in Northern and 
Southern Rhodesia and in Tanganyika. The 
aircraft, a Dakota of Hunting Geophysics 
Limited, 6 Elstree-way, Boreham Wood, Hert- 
fordshire, is illustrated above. 

Although magnetometer and _ radioactivity 
surveys from the air are familiar to the mining 
world, the combined operation of magnetometer, 
scintillation counter, and_ electro-magnetic 
detector from one aircraft is a recent develop- 
ment sponsored largely by another Hunting 
company, Aeromagnetic Surveys Limited, of 
Toronto, Canada. In particular the electro- 
magnetic detector, or E.M., which generates 
eddy currents in sulphide 
ore bodies containing 
lead, zinc, copper or 
nickel, and detects the 
resultant electro- 
magnetic field, is an 
advance which vastly 
increases the scope 
of airborne geophysical 
survey. (The patent 
rights of this instrument, 
invented by Mr. Vaino 
Ronka of the Geological 
Survey of Finland, have 
been acquired by Aero- 
magnetic Surveys Lim- 
ited, and have been made 
available to the British 
company). Aeromag- 
netic Surveys have for 
the past year been 
intensively operating in 
Canada with five Canso 
amphibious flying boats 
(Fig. 2), each equipped 
as a “ flying geophysical 
laboratory ” with mag- 
netometer, scintillation 
counter, and_ electro- 
magnetic detector. To 
cope with difficult moun- 
tainous country, the 
company have recently 





been equipped with a Bristol Sycamore helicopter 
carrying an electro-magnetic detector unit and 
scintillation counter. 

The principle on which the electro magnetic 
detector works may be understood from Fig. 3. 
An alternating frequency generated in the 
aircraft’s horizontal transmitting coil gives rise 
to an electro-magnetic field which induces eddy 
currents in electrically-conductive substances on 
or below the earth’s surface—down to depths of 
over 300 ft. Such substances include, as well 
as the sulphide ores sought, gravels and clays, 
water, and coal; steel-framed buildings also 
pick up the signal. The eddy currents in turn 
cause a secondary electro-magnetic field out of 
phase with the primary field, and the resultant 
of the primary and secondary fields is picked 
up by a detector coil in the ‘ bird” which is 
trailing behind and below the aircraft. The 
phase difference between the transmitted and 





Fig. 2. Aeromagnetic Surveys Limited, Toronto, were the first compaly 
to install the three types of prospecting instruments in their Cans 
** flying geophysical laboratories.”’ , 
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ed fields is related to the conductivity of 
substance located but, for a single frequency, 
the relation is not unique—as may be seen from 


Me actice, therefore, two transmitting fre- 
yencies are employed, 2,300 and 400 cycles 
r second respectively, and the bird is equipped 
with two detector coils responding to each of 
these frequencies. The high-frequency and low- 
frequency phase shifts are plotted separately by 
a chart recorder. The high-frequency field 
does not penetrate as deeply into the earth as the 
low frequency, so that the high-frequency trace 
will show up surface conductors such as lakes 
and swamps and strong anomalies. The low- 
frequency plot will also give indication of these, 
put it will reveal the stronger anomalies over 
deeper and potentially more valuable areas of 
greater conductivity. The ratio between the 
jow-frequency and high-frequency phase shifts 
forms the basis for interpretating the data. 


TRAILING INSTRUMENTS 


In Hunting Geophysics Limited’s Dakota 
aircraft, the magnetometer head is installed 
at the end of a 12 ft. boom carried behind the 
tail of the aircraft, well out of the way of the 
magnetic effect of the aircraft itself (Fig. 3). 
Above the fuselage is a de-gaussing coil for 
compensating the magnetic effect of airframe and 
engines. The sensing unit of the E.M. is mounted 
inastreamlined container (known as the “ bird *’) 
which, when not in action, is housed in a cage 
below the centre fuselage; when in operation it 
is trailed some 200 ft. below the aircraft on a 
500 ft. length of cable by a_hydraulically- 
operated winch. In Fig. | the *‘ bird” is in process 
of being trailed, and has not reached its final 
position. The scintillation counter, which can 
be of a type developed by the Atomic Energy 
Research Establishment or the Canadian Atomic 
Energy Commission, is capable of detecting 
surface deposits of radium of the order of 
35 x 10-* oz. It is mounted in the fuselage with 
its probe protruding vertically downwards 
through the floor. Behind and to port of the 
birdcage is a vertically-mounted Vinten 35 mm. 
electrically-operated positioning camera which is 
in action continuously throughout the survey 
flight, producing a series of overlapping exposures 
enabling the lines of flight to be subsequently 
plotted accurately on a topographical map or 
photo mosaic. 

The instruments are operated and monitored 
from two consoles in the fuselage. On the 
starboard console is a single-trace chart recording 
the magnetometer signals; on the port console 
is a four-trace chart recorder on which are 
recorded the signals from the E.M. (separate 
low-frequency and high-frequency heads), the 
scintillation counter, and the radio altimeter. 
A fiducial mark is made on both charts by an 
electrical pulse from the positioning camera, 
usually at every tenth frame exposed, so that the 
records can be exactly related to the terrain 
covered. An exposure counter is provided 
on each console, enabling the operators periodic- 
ally to identify a fiducial mark with a particular 
frame number. 


THE MAGNETOMETER 


_ The magnetometer, of the “ total force ” type, 
is the product of another Canadian company 
of the Hunting Group—P.S.C. Applied Research 
Limited, Toronto—and is a well-established aerial 
Prospecting tool. A similar instrument, installed 
ina Survey Prince aeroplane, was operated by 
Hunting Geophysics over an area of 300 square 
miles in Norway last year, and led to the 
discovery of more than 100 million tons of 
ilmenite in the Egersund-Sokndal district. Briefly, 
the magnetometer comprises three mutually 
Perpendicular flux-gates mounted on a gimbal 
system that can rotate about two axes. The 
output signals from two of the flux-gates 
actuate servo-motors maintaining the third 
flux-gate, which is the measuring element, 
always in the line of the earth’s magnetic field. 
Signals from the secondary coil of the measuring 
flux-gate provide a continuous record on a 





chart recorder in the aircraft cabin. Under 
practical flight conditions the instrument can 
detect changes of the earth’s magnetic field of 
the order of 1 to2 x 10-* gauss. (The earth’s 
total magnetic field ranges from 20,000 x 10-5 
gauss at the equator to approximately 70,000 
x 10-* gauss at the Poles.) 

In carrying out geophysical surveys from the 
air, high precision is called for in both piloting 
and navigating. To get good E.M. and scintilla- 
tion counter results, the aircraft must fly at a 
constant low height—500 ft.—above the varying 
ground level, while in some magnetic surveys, 
such as when prospecting for oil, a constant 
barometric height is maintained. In practice 
it is not possible to maintain this height absolutely 
constant, and for this reason continuous records 
are kept of the aircraft’s height above the ground, 
as measured by a radio altimeter. 

The navigator, using large-scale maps, guides 
the aircraft over a series of parallel flight 
lines, whose spacing depends upon the type of 
survey being flown; in the case of E.M. work, 
for example, complete coverage is obtained by 
traverses | mile apart. The direction of the 
flight lines is chosen to lie at right angles with 
any known or suspected ore body or geological 
formation. Where it is known that the strata 
dips, for best E.M. response, it is preferable to 
fly the aircraft with the dip rather than against 
it. Usually, then, the aircraft flies over the flight 
lines always in the same 
sense, making a circuit 
between each traverse, 
and at this point during 
a magnetometer cover- 
age, it passes over 
some previously- 
established reference 
point in a “‘ magnetically- 
flat area,’ to check any 
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three together, depending on the client’s require- 
ments. Yet another form of conductivity map 
in favour comprises low-frequency phase-shift 
contours showing high-frequency/low-frequency 
ratio “ spot heights.” 


INTERPRETATION 


To make the best use of the flying laboratories 
now available, the survey operations require to 
be planned and interpreted by geophysicists 
with experience and insight, making the fullest 
use of available geological data on the area 
concerned and—if it does not already exist— 
carrying out a preliminary photographic survey 
from the air to provide a background for assessing 
the indications from the ore-detecting instru- 
ments. The correlated interpretations of the 
magnetometer, scintillation counter and E.M. 
over the same flight line give the geophysicist a 
much more powerful diagnostic tool than has 
hitherto been available. The results of the 
aerial geophysical survey still require to be 
followed up by a ground investigation; but, 
skilfully interpreted, they indicate the most 
likely areas for the ground prospectors to explore, 
and eliminate unpromising regions, thereby 
reducing the time and expense of the groundwork 
to a fraction of what would otherwise be necessary 
—particularly in undeveloped areas such as 
Central Africa and the Sahara desert where 
communications are rudimentary. 
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rate contoured maps of Fig. 3 Principle of the electromagnetic detector. A transmitted alter- 
low-frequency phase _ nating electromagnetic field induces eddy currents in electrically-conducting 
shift and high, frequency substances, which in turn cause a secondary electromagnetic field out of 


phase shift, or an H.F./ phase with the primary fi 
L.F. ratio map, or all 


eld. The resultant field is detected by coils in the 
trailing ‘‘ bird.’’ 
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Fig. 4 Typical phase-shift curves between transmitted and resultant fields. 
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Letters to the Editor 


PROPOSED MEMORIAL TO 
AIRSHIP R34 


An Appeal to Engineers 


Sir, In your issue of August 27, 1954, you 
published a letter from me drawing attention to 
the first aerial crossing of the Atlantic, which 
was accomplished by H.M.A. R34 in July, 1919, 
when she flew from Great Britain to the United 
States and made the return voyage, and to the 
fact that a proposal was in hand to commemorate 
this notable event, which had been made possible 
by “the skill and ability of traditional British 
engineers to adjust themselves, at short call, to 
a new element and on so large a scale.” 

I emphasised this latter point because, after 
the first British rigid airship collapsed in Septem- 
ber, 1911, all construction and development was 
abandoned until 1917, a gap of six years in 
which the development of design, theory, hull 
construction, and suitable engines for airships, 


along with acquiring adequate experience of 


flying and operating rigid airships, could have 
been going on. Thus, when our traditional 
engineers and shipbuilders were called upon to 
construct “‘ super Zeppelins *’ in December, 1917, 
they had been denied the opportunity of acquiring 
the techniques by which, at that time, the 
Germans were turning out two “* super Zeppelins” 
a month. Similarly, our crews did not have the 
opportunity of acquiring the amazing skill of 
the Zeppelin pilots in flying and handling these 
great ships. 

All was new and novel to those concerned, but 
the successful double aerial crossing of the 
Atlantic at the first attempt is the measure of how 
well they played their parts. What the Germans 
with their 17 years’ experience had not attempted, 
we with barely over a year’s experience accom- 
plished. 

I appeal therefore to all engineers and ship- 
builders, firms, companies and corporations, to 
subscribe to the R34 Memorial Fund which is 
being sponsored by the Air League of the British 
Empire and to forward their subscriptions to the 
Secretary-General, Air League of the British 
Empire, Londonderry House, Park Lane, London 

a 


Yours faithfully, 
W. NEWMAN ALCOCK. 
57 Dumbuck-crescent, 
Dumbarton. 
August 6, 1956, 


x * * 


THE INDUSTRIAL 
CO-PARTNERSHIP ASSOCIATION 


The Industrial Co-Partnership Association, which 
is referred to in this week’s leading article, 
was founded 76 years ago to promote the 
principle of co-partnership in industry. Its 
aims are, briefly :— 

(1) To advocate for the workers in industry 
the maximum opportunity of playing their 
part as partners in the business in which they 
work; and 

(2) To promote the introduction and effective 
operation of a maximum number of schemes 
which accord with the principle of giving the 
workers a share in profits on a pre-determined 
basis including, where this is practicable, the 
opportunity to acquire a share in the ownership. 

Its prime task is to keep a running survey of 
experience of those in industry who operate 
such schemes and to make freely available the 
results of their experience and knowledge on the 
basis of strict confidence and impartiality. 

The president of the Association is the Rt. Hon. 
Viscount Cecil of Chelwood, the deputy- 
president the Rt. Hon. D. Heathcoat-Amory, 
M.P., and the chairman Mr. William Wallace, 
the chairman of Rowntree and Company, 
Limited. The address of the Association is 
36 Victoria-street, London, S.W.1. The director, 
Mr. J. Ward Daw, writes and speaks extensively 
on co-partnership and profit sharing. 


Weekly Survey 


Cover Picture: Rolling mills are becoming to 
an increasing extent high-precision machines and 
this is especially the case with modern high-speed 
strip mills. Our picture shows one of the two 
housings destined to take the chocks which hold 
in place the roll-neck bearings of a 48 in. four- 
high strip rolling mill being assembled on its 
beds. The housing weighs 100 tons. 


x k * 


The World Bank and India’s 
Five-Year Plan 


India’s second five-year plan, which envisages a 
total expenditure of £5,400 million over the 
period 1956 to 1961, lays particular emphasis 
on expanding transport, communications, power 
and heavy industry. If the plan is to succeed, 
India will require large imports of steel and 
cement-making plant, coal-mining and electrical 
machinery and chemical plant. The detailed 
comments recently submitted to the Indian 
Finance Minister by the Special Mission of the 
World Bank are therefore of considerable 
importance to the British engineering industry. 

After expressing the view that the plan seems 
too large in relation both to India’s adminis- 
trative and technical resources ard to the 
financial resources likely to be available to her, 
the Mission went on to say that, having com- 
mitted itself to the plan, the Government must 
now concentrate on opening the various bottle 
necks and on preparing such adjustments in the 
programme as circumstances may require. 

Concern is expressed about the transport 
situation, particularly the inability of the railways 
to cope even with the existing traffic. | Another 
important criticism is that the plan pays insuffi- 
cient attention to the promotion of exports, for 
example, of cotton textiles and tea, and that in 
some cases exports of commodities such as 
ground-nut oil have been undesirably restricted 
in order to foster home consumption. The 
Mission emphasises that, at the present stage of 
development, India needs the maximum contri- 
bution from foreign technology, foreign capital 
and management, and stresses that positive 
measures will be required to encourage and facili- 
tate foreign investments. 

The plan is certainly ambitious and its size can 
best be judged from the fact that expenditure will 
be nearly double that of the last five years. 
It aims at a rise in national income of 25 per cent. 
and of income per head of 18 per cent., and 
assumes that the country will save one-quarter 
of the increase in income against a present rate 
of saving of 7 per cent. The ultimate success 
of the plan will depend on how far the finance 
to be raised within the country (by far the largest 
proportion of the total) can be obtained through 
increased taxation without giving rise to serious 
inflation; and also whether the Indian Govern- 
ment can reconcile their basic object of “a 
socialist pattern of society” with adequate 
incentive to foreign capital and technical and 
managerial skill. 


xk * * 


Boost for Wales 


The use of local emblems in the design of new 
Welsh postage stamps and the decision to hold 
the Sixth British Empire and Commonwealth 
Games in Wales in 1958 are but two indications 
of the growing prosperity and importance cf that 
part of Britain. Another is that, in the same 
year, there is to be held a great Festival of Wales, 
in the large-scale development of which the 
Welsh Economic Development Council is taking 
a leading share. The Council’s programme will 
include a number of exhibitions and displays 
of Welsh craft goods and manufactured articles; 
a Welsh Fashion Fair; “‘ Welsh Weeks,’ when 
shopping centres throughout the Principality will 
concentrate on the display of Welsh products; 
and the issuing of a high-grade publication for 
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the promotion of Welsh trade by publics: 
Welsh industrial achievements an J Potentialiti 
and the wide range of goods “ Made in Wales" 
for export. That the 1958 Festival of w, 
will attract international attention js ales 
and the Council, whose headguarters are 
111 Cathedral-road, Cardiff, is calling a natig " 
conference of Welsh organisations at Comme 
on October 12 next, to consider the Cosa 
programme in detail. P 

During the past two decades, Prosperity ang 
employment in Wales have attained new levels 
through the re-organisation and Modernisation 
of the coal and steel industries, and by the 
establishment there of more than 600 pu 
firms, collectively employing at least 150,009 
persons. One of the most influential Of these 
is the Owen Organisation, whose Chairman 
Mr. A. G. B. Owen, has now joined the Council’ 
executive committee. Although born in th 
Midlands, Mr. Owen’s family has had a long 
association with the Principality and Mr. 
himself served for a time in his father’s workshop 
at Wrexham. From small beginnings, th 
Owen Organisation has grown into a group of 
38 companies, with factor’es in Canada and 
Australia, as well as in many parts of the United 
Kingdom. Five of the Organisation’s subsidiary 
companies have branches in Wales. The 
comprise Rubery, Owen and Company, Limited 
at Wrexham; E. Camelinat and Company, 
Limited, at Dowlais; Nuts and Bolts (Darlaston), 
Limited, at Tredegar; Rogers and Jacksop, 
Limited, at Wrexham; and Shuker and Sop 
(Shrewsbury), Limited, at Newtown. A major 
activity of the Council, which was formed in 
1954 to develop Welsh trade and _ industries 
is to encourage, in co-operation with the Board 
of Trade, the location of suitable new industries 
in Wales. Sites suitable for factories and offices, 
as well as water and other services, exist at 
Holyhead, Caernarvon, Milford Haven, and in 
other places in the Principality, where, too, some 
additional employment is needed. 


x * * 


Push-button Shopping 


Apart from a few machines such as a bacon 
slicer and possibly a cash register, the retail 
grocer’s shop does not normally provide a large 
market for products of the engineering industry. 
This may, however, be changed if plans for 
push-button shopping, sponsored by the Inde- 
pendent Grocers Alliance of America, are 
successful. By the autumn of this year about 
a dozen 1.G.A. shops will be trying out an 
automatic system based on conveyor belts with 
electronic controls. 

Under this system the shopper puts a “ key,” 
comprising an electronic recorder, into a tab- 
ulating machine and then presses push buttons 
lettered and numbered to correspond with the 
classification of the goods in a display case, 
The key notes the items required and the price, 
and is taken by the shopper to the cashier's desk, 
where it is inserted into another machine to 
“order” the goods required. These ar 
delivered automatically from sloping storage 
shelves on to a conveyor belt which brings them 
to the delivery counter—together with the bill. 

The main object behind these developments 
in the United States is to reduce the costs of 
independent grocers in order to enable them to 
compete more effectively with the large chain 
stores. TheI.G.A. estimates that the system ma) 
perhaps reduce operating costs by half sinc, 
besides requiring fewer employees, it can make 
use of overhead space for storage so enabling 
small shop to handle a much larger volume 0 
trade. The initial outlay is, of course, heavy 
and is estimated at about 175,000 dols., or rather 
over £60,000, for a shop 30 ft. square. 

Differing views have been expressed as © 
whether housewives will accept this new met 
of shopping. They will not, of course, be abl 
to test whether the bread is fresh by pinching 
it, but the I.G.A. hope that they will not be able 
to resist a reduction of perhaps 25 per cent. 10 
30 per cent. in prices. An earlier system knows 
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as the Keedoozle, which was introduced in 1939 
and was based on the use of a punched tape, 
roved too complicated and has since had to be 


abandoned. 
x * * 


Alternatives to Steel 


in The European Steel Market in 1955 the 
secretariat of the Economic Commission for 
Furope have reviewed long-term prospects for 
the European steel market. The rapid increase 
in steel demand throughout Europe in 1955 gave 
rise to a Shortage of most steel products in 
many countries. — Several countries have accord- 
ingly revised their expansion programmes in an 
upward direction with the result that estimated 
world capacity for crude steel production in 
1960 has been increased to 373 million tons per 
annum—an increase of between 50 and 60 million 
tons per annum on the plans put forward in 
the previous year. 

Forward estimates of demand for steel are, 
of course, subject to considerable error, but 
given a continuance of expanding economic 
policies the Secretariat are of the opinion that 
demand will at least keep pace with the growth 
of stee!-making capacity. In fact, after reviewing 
in detail the probable demand in some of the 
major steel-consuming industries, notably motor 
vehicles, the oil industry, house construction and 
household equipment, they foresee a prospect 
of a constant increase in demand for flat steel 
at a rate higher than that of steel demand 
generally, and probably higher than has yet been 
fully realised or allowed for in planning pro- 
duction facilities. Recent expansion of Euro- 
pean steel production has been based on a very 
large rise in the consumption of scrap which 
may not be available in sufficient quantities in 
future years. A continued growth of steel 
production will, therefore, require a marked 
expansion in blast-furnace capacity. 

A separate review of alternatives to steel is 
given in Steel and Its Alternatives (European 
Office of the United Nations, 4s. 6d.). Here it 
is concluded that, even under the most adverse 
conditions from the point of view of the steel 
industry, the amount of steel which might be 
replaced by other materials between 1955 and 
1960 seems certain not to increase beyond 
10 per cent. of the estimated steel consumption for 
1960. The principal materials considered in 
this report are aluminium, plastics, asbestos- 
cement, concrete and timber. 

Among developments which may possibly 
have an important influence in future is the 
experimental production in the United States 
of an aluminium pipe suitable for oil lines which 
is claimed to be cheaper than steel pipe. Alu- 
minum and plastics are expected to provide 
increased competition in both commercial 
vehicle manufacture and shipbuilding where the 
relative lightness and the decrease in maintenance 
costs of these materials tend to offset their 
higher price. The report contains an appendix 
which reviews steel marketing research in the 
United States and the measures taken there to 
meet competition from other materials. 


* *« * 
The Other Canal 


In the light of developments at Suez particular 
interest attaches to the fourth annual report of 
the Panama Canal Company, covering the fiscal 
year ending June 30, 1955. A striking statement 
in the introduction to the report is that the rates 
oi toll for use of the canal remain substantially 
at the level established in 1912 in anticipation 
of the completion of construction of the canal. 
The total tonnage of cargo passing through 
the Panama Canal in 1954-55 was 40-6 million 
‘ons, a figure well below that of 107-5 million 
lons for Suez in the calendar year 1955. The 
main traffic through the Panama Canal comprises 
mineral] oils, coal, coke and iron and steel 
poesucts from the Atlantic side and ores, 
umber, wheat and nitrates from the Pacific. 
ey Canal was completed in 1914 and has a 
otal length of 51 miles, the top water level of 


the central part in the Gatun Lake being 85 ft. 
above sea level. On entering from either end 
a ship is raised in three steps from sea level to 
the level of Gatun Lake and subsequently 
lowered in three steps on the other side of the 
isthmus. The Panama Canal Company is, it 
will be remembered, a corporate agency of the 
Government of the United States and operates 
under the management of a Board of Directors 
appointed by the Secretary of the Army in his 
capacity as stockholder of the company. In 
addition to the operation of the Canal, the 
activities of the company include so-called 
supporting Operations such as the running 
of a railway across the isthmus, a steamship line 
operating between New York and the Canal 
Zone, an electric power system, a communication 
system and_ service activities essential to 
employees’ needs. The importance of these 
supporting operations is shown by the fact that 
Canal tolls account for only 33-9 million dols. 
out of the total revenue of 83-8 million dols. 
After allowing for operating expenses the 
operating income of the company in 1954-55 
amounted to 28-4 million dols. of which 9-8 
million dols. were allocated to the net cost of 
Canal Zone Government while 9-0 million dols. 
represents interest payable to the United States 
Treasury. 

In 1954-55 the Canal was used by ships of 
35 nationalities, those flying the United States 
flag accounting for 16-0 million gross registered 
tons out of a total of 50-5 million G.R.T. 
Next in importance were the United Kingdom 
with 8-8 million G.R.T., Norway 5-2 million, 
Japan 3-4 million, Panama 3-0 million and 
Liberia 2-5 million. 


x *k * 


Austins go to Colomhia 


It seems fashionable nowadays for countries to 
stop importing cars and concentrate on producing 
their own requirements. Australia and New 
Zealand set the fashion for the Commonwealth, 
and a large number of overseas countries have 
rigid import quotas. In South America, Brazil 
is determined to put a complete halt to imports 
and has set up her own motor industry—and 
this may well be a signal for some of the other 
South American republics to follow suit. In 
the circumstances, British manufacturers stand 
to gain (or, rather, to lose least) by setting up 
their own plants overseas for the assembly of 
** completely knocked down ” (CKD) vehicles on 
the spot. In South America, the Standard 
Motor Company have a small plant in Brazil, 
but the importance of this plant is far outweighed 
by the plans of the U.S. and Continental com- 
panies for assembly in that country. British 
exports to South America have undergone a steady 
and severe decline since 1953, from £2-6 million in 
that year to £1-6 million in 1955. Meanwhile 
German and U.S. exports have steadily increased. 

Last week provided the welcome news that 
the Austin Motor Company, after two years of 
negotiations, have reached agreement to set up 
the first motor manufacturing company in 
Colombia. Know as Fabrica Colombiana De 
Automores S.A., it will in the first instance 
assemble a minimum of 5,000 Austin vehicles 
of all types annually, but it is hoped to produce 
increasingly components from local materials. 
The new company’s plant will be located at the 
capital, Bogota, on a site of about 60 acres, which 
will give adequate room for expansion in the 
future. This development is the more welcome 
since British exports of vehicles to Colombia 
have been declining steadily over the past few 
years, the United Kingdom losing ground 
noticeably to Germany and the United States. 
Besides being an excellent development for the 
Colombian market, the new Austin plant may 
well become a spearhead for a major attack on 
other South American markets. It is certain 
that British exporters stand to lose if, in the 
prevailing atmosphere of industrial autonomy, 
they do not keep pace with the American and 
Continental manufacturers in setting up full-scale 
plants overseas. The effects of Australian 
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import cuts have been to some extent cushioned 
by the existence of British subsidiaries for 
assembly in that country; this lesson should 
give incentive to further developments along the 
same lines in other countries. Certainly it is 
wise to apply it to South America, hedged about 
as it is with a complex system of exchange controls 
and import quotas. 


x * * 


International Machinery Exports 


The annual supplement published by the British 
Engineers’ Association and dealing with foreign 
competition in export markets shows that the 
year 1955 was a relatively successful one for 
British engineering exports. The figures include 
most types of machinery, including electrical 
machinery and apparatus, but generally exclude 
vehicles though returns for tractors are given. 
On this basis the United Kingdom continued 
to hold second place to the U.S.A. and the 
increase in U.K. exports, at 12 per cent. as 
compared with 1954, was second only to that of 
West Germany (15 per cent.) among the more 
important exporting countries, though Belgium, 
Italy and the Netherlands also showed larger 
increases than the United Kingdom. 

If, however, comparison is made over the 
period 1951 to 1955 the U.K. has lost considerable 
ground to Germany. In 1955 the United King- 
dom sent abroad machinery to the value of 
£651-8 million while West German exports 
totalled £584 million. The latter figure repre- 
sents an increase of 136 per cent. compared with 
1951 whereas the corresponding increase in U.K. 
exports was only 41 per cent. There are, more- 
over, some disturbing examples of German 
success in traditionally British markets. For 
example, in 1955, the volume of U.K. exports to 
Canada remained almost stationary at £26°8 
million while German exports increased by 12 per 
cent. compared with the previous year. Ger- 
many also doubled her exports to East Africa 
against an increase in British exports of only 
43 per cent., and made considerable advances in 
South America and East Europe, with the 
notable exception of the U.S.S.R., though 
British exports to the Soviets showed a sharp 
increase from £3-8 million in 1954 to £10°4 
million in 1955. ; 

While it was not possible to include reliable 
figures for total exports of machinery from 
iron curtain countries it is noted in the supplement 
that total exports from the U.S.S.R. increased 
in 1955 by 59 per cent. and from other Soviet 
bloc countries by 65 per cent. Recently pub- 
lished figures for the expansion in output of the 
Russian engineering industries reinforces the 
warning of the British Engineers’ Association 
that “ with frequent reports of Soviet offers of 
aid and equipment to Asian and Middle-Eastern 
countries it will be realised that Soviet engineering 
equipment may provide increasing competition 
in future.” ; : 

It would appear that, excluding the special 
case of motor vehicles, an interesting stage has 
now been reached in competition between the 
British and West German engineering industries. 
Up to 1954 the rate of expansion of West German 
exports was very much greater than that of 
British exports, but in 1955 a state of equilibrium 
had practically been reached. Since the German 
engineering industry will in future have to devote 
an increasing proportion of its resources to 
re-armament it may be hoped that the British 
industry will be able to avoid further loss of 
ground. It is, however, quite clear that if this 
is to be achieved, British industry cannot 
afford further increases in export prices, and 
will have to shorten delivery dates. 

x * * 


Meeting Inflated Shipbuilding Costs 


The Maritime Transport Committee of the 
O.E.E.C. has drawn attention to the rapid growth 
of shipping tonnage registered under flags of 
convenience. The greater part of this tonnage 
operates under the Liberian and Panamanian 
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flags, but registrations in Honduras and Costa 
Rica are also of some importance. By December 
1955 the total tonnage registered under the 
flags of these four small countries amounted to 
9-3 million gross register tons, representing 
nearly 10 per cent. of total world tonnage. 
The corresponding figure for December, 1939, 
was only 0-8 million G.R.T., and in December, 
1953, 6:2 million G.R.T. The rate of growth 
over the last three years has, therefore, been 
over 1-5 million G.R.T. perannum. Of the 1955 
total of 9-3 million G.R.T., Liberia accounted 
for 4:5 million and Panama for 3-9 million; 
the Liberian fleet is now the fourth largest in the 
world. Most of the ships operating under these 
flags are either tankers or bulk-cargo carriers. 

The main advantage derived by shipowners 
from registration under flags of convenience is, 
of course, avoidance of taxation. But on top 
of this, registration of ships under these flags 
involves the payment of only a nominal fee. 

Under present conditions of virtually full 
employment of shipping, this enables owners to 
set aside much larger sums for replacement than 
can shipowners subject to high rates of taxation, 
and there is little doubt that this enables them 
to build new tonnage with far less regard to the 
level of shipbuilding prices. The growing use 
of flags of convenience may, therefore, be an 
important contributory factor towards inflation 
of shipbuilding costs. It is significant that 
Japanese shipbuilders who have previously been 
in a strong competitive position because of their 
ability to quote fixed prices are now reported to 
have begun inserting escalator clauses in their 
contracts. 

The problem of meeting the competition from 
tonnage operating under flags of convenience 
has been exercising British shipowners for some 
time, many of whom have been investigating 
the registration of United Kingdom ships in a 
low-tax Commonwealth country such as Jamaica, 
Bermuda or Hong Kong. At least one company 
’ has already adopted this solution, and it has 
been announced that the International Chamber 
of Shipping is shortly to publish a survey of the 
causes, growth and implications of flags of 
convenience. 


* & * 


Tomorrow’s Passenger Ships ? 


The threat of air transport has now hung over 
shipping companies for a good many years with- 
out producing any marked change in their 
approach. Some companies have done nothing 
about it, others have added faster ships fitted 
out to give passengers luxurious quarters. The 
fact that the major airlines outside the United 
States are government-owned has prevented the 
shipping industry from investing on a significant 
scale in air transport, though some—such as 
Furness Withy and Blue Star Line—have 
acquired interests in private airlines. As the 
airlines prepare to take full advantage of jet- 
propelled large-capacity aircraft the threat to 
the shipping companies is growing. Then, 
without warning, an American businessman 
arrives in Europe in search of suitable harbours 
to receive 90,000 ton passenger ships fitted out to 
accommodate 6,000 passengers at the cost of 
only 50 dols. per crossing. Mr. H. B. Cantor 
is the president of a chain of American hotels, 
not a shipping man. Thus he is free from the 
long tradition of sea transport to apply himself 
single-mindedly to the task of making possible 
for Americans of ordinary means a cheap trip 
to “‘ the old country.” 

Little is known technically so far of Mr. 
Cantor’s bold scheme. The ships will be large 
and fast, and the fares unapproachable by any 
method of air transport likely to be developed 
over the next 10 to 20 years. Mr. Cantor’s 
search for a suitable harbour may well end in 
Milford Haven. There he would erect a 1,000 
bedroom hotel, and take advantage of the 
developments now in hand to make this admirable 
deep-water harbour into a major oil port. The 
finance for developing the port to take the 
largest tankers now building is being arranged, 
and a scheme for a pipeline from Milford to 


Birmingham has been discussed. In a few years 
Mr. Cantor’s ships could completely turn the 
tables on the air companies. The coming trial 
of strength promises to be full of interest, and 
a boon to the United Kingdom. 


* 2 Ff 


Storm Clouds Spreading from Hastings 


Last week’s Annual Meeting of the Confederation 
of Shipbuilding and Engineering Unions at 
Hastings produced all the unpleasantness earlier 
union conferences had led industry to expect. 
To forestall wage demands the employers had 
formally rejected them in advance. The only 
effect of this warning seems to have been to 
ensure militant unanimity in challenging it. 
The reference to shipbuilding employers by the 
secretary of the Boilermakers as “* that bunch of 
rascals ” set the tone to what has been a week 
of hard hitting, rude speeches and uncom- 
promising demands which, if granted, would 
rock the Government’s entire economic policy. 
The conference left little hope that voluntary 


‘ wage restraint had any chance of being accepted; 


on the contrary, the sabre-rattling speech of the 
Communist president of the Electrical Trades 
Union—in which he asserted that employers 
could well afford to pay an increase in wages 
and that ‘‘ the workers would get it, either by 
negotiations or by other methods ’—was much 
more like the mood of the delegates. 

The demands are for an increase in basic wages 
of £1 a week for each worker; for the reduction 
of the working week to 40 hours; and for the 
nationalisation of practically the whole of the 
engineering industry. Redundancy was dis- 
cussed, but a resolution for a national agreement 
with the employers on redundancy procedure was 
ruled out of order, because the executive did not 
wish the reference to the terms on which the 
B.M.C. strike was settled to serve as a precedent. 
Much was made of having established the 
workers’ right to prior consultation on such 
issues and to compensation, but the amounts 
granted were considered far too small to serve 
as a basis for further negotiations. The Con- 
federation’s executive were instructed to prepare 
a policy statement relating automation to shorter 
working hours, guaranteed annual wages and 
other demands similar to those recently put 
forward by the International Steelworkers 
Association. Perhaps the most constructive 
suggestion put forward was for closer co- 
operation between labour and management, 
bearing in mind, no doubt, the very satisfactory 
manner in which a redundancy problem was 
settled by Vauxhall Motors through the com- 
pany’s Management Advisory Committee (see 
**The Vauxhall Way,” page 256). 

The main case for a wage increase was stated 
by Mr. H. G. Brotherton in his presidential 
address. He attacked the employers for refusing 
to consider a claim which had not been form- 
ulated, and not therefore on its merits. He 
argued strongly that wages could be raised at the 
expense of profits, but he based his arguments on 
profit margins current in 1954-55. They have 
contracted sharply since then. The Govern- 
ment’s attempt at price stabilisation was ridiculed, 
and Mr. Brotherton gained his loudest applause 
when he spoke of the “ incubus of profiteers, 
middlemen, share pushers, Stock Exchange 
gamblers and all the other hi-jackers, whose 
permitted practices make a mockery of all our 
hopes for a decent way of life.” This kind of 
emotional appeal hardly makes for clear thinking 
and is unlikely to produce the constructive 
approach to management-labour problems which 
is so urgently needed. 


x. *& * 
The Belgian Pit Disaster 


The tragic accident at the Bois du Gazier mine 
near Charleroi, Belgium, where nearly 300 lives 
were lost, is having international repercussions. 
For some time now there has been widespread 
dissatisfaction with the safety precautions in 
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Belgian mines. The recruitment of Italians 
stopped some months ago by the {ialian G, 
ment under strong pressure from public Opini 
because of the high proportion of casual. 
The Belgian mines have a long tradition 
employing foreign labour: only 38 per cen - 
the dead at Charleroi were nationals, over int 
were Italians. A disaster of this Magnitude : 
unlikely to assist the recruitment of Spanish a 4 
Greek workers which was planned by Bel ~ 
to take the place of recruitment in Italy Th 
whole future of Belgian coal mining is 
threatened. 7” 

The High Authority of the European Coa] and 
Steel Pool convened a special Meeting lay 
week to consider setting up an internationa| 
commission of inquiry. The High Authority 
are entrusted with promoting the mobility of 
labour between the six participating countries 
and have therefore a special responsibility, The 
Belgian Government are most unlikely to Oppose 
an inquiry; the mining industry’s need of foreign 
labour and foreign capital is too great to permit 
such a tourse. A modernisation programme js 
currently under way—a new shaft is now bein 
sunk at Bois du Gazier with Marshall Aid funds 
But much more new investment is required if the 
industry is to become competitive with other 
countries within the High Authority. The 
importance to Belgium of adequate coal pro- 
duction to maintain its steel and heavy engineer. 
ing industries is well known. What is surprising 
is the degree of complacency which has been 
allowed to prevail in respect of the safety and 
working conditions in the older mines. 

The tragedy will force the Belgian Government 
to define the degree of responsibility it will bear 
for the lives of foreign workers. Another result 
might well be the revival of a suggestion made 
some time ago by the High Authority for an 
international charter for mine labour, and for 
international standards for mine maintenance 
and safety precautions. 


“= + Ff 


Ruhr Coal Under New Management 


In the centre of Essen is an office building from 
which the sales of Ruhr coal are organised, 
The same people under different names have 
been doing this job here for many years. Before 
the war they were the Rhennish Westphalian 
Coal Syndicate. Then the Allies turned them 
into the North German Coal Distributing Office 
under British, then Anglo-American, and still 
later combined control with French participation. 
In 1950 the building and its staff passed back to 
German control, and six selling agencies known 
as GEORG (Gemeinschafts Organisation Ruhr- 
kohle) was established. When the European 
Coal and Steel Community was established 
GEORG came under suspicion as a monopoly 
in restraint of competition. A long and compli- 
cated inquiry was held into its activities as 4 
result of which GEORG was wound up and yet 
another organisation set up. 

The new body consists of three independent 
selling agencies each marketing some 15 million 
tons of coal and 5 to 6 million tons of coke 4 
year. Exports outside the Community are 
dealt with by a fourth and quite separate agency. 
The object of the re-shuffle is to ensure that the 
three agencies are free to fix their own prices 
and conditions of sale. They are not to appoint 
joint agents in the different sales areas and 
there are to be no personal links between the 
managements. Various joint bodies have also 
been set up to deal with large-scale consumers, 
standards, transport-equalisation arrangements, 
coal utilisation and common services. 

This highly complex organisation is to & 
under constant supervision by the High Autho- 
rity, and this has roused a great deal of opposition 
to German participation in the Communily. 
Some of those responsible for running the new 
organisation are already saying that it “ cannot 
and will not work.” Complaints are being made 
that consumers are getting neither the quantities 
nor qualities of coal they order. In fact, the 
scheme pleases no one. ‘From _ the High 
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f view, it is a very long way 
from completely free competition between the 
Ruhr collieries. The German coal industry was 
quite satisfied with GOERG. But the scheme 
cannot be reviewed until 1958. It will be 
interesting to see what modifications the organisa- 
tion undergoes in practice before then. 


x *k * 


Authority point o 


Atom Groups Prepare to Tender—2 


Preparatory work on the tenders for the two 
CEA. nuclear power stations at Bradwell and 
Berkeley is now approaching its conclusion. 
Little more than a month remains before the 
four main industrial atomic energy groups are 
due to present their bids. As noted in Weekly 


tubes. Another item of special interest is a 
£35,000 nuclear power station simulator. We 
hope to give further details of the facilities and 
research at Erith in a later issue. 

Describing the approach which had been 
adopted, Mr. Millar said that research and design 
had been united under the same roof to simplify 
the work. Every assistance had been given by 
the Atomic Energy Authority and any secrecy 
now was of a commercial rather than a national 
nature. Little information was given about the 
power station design which the group would 
submit (tendering is on a basis not only of cost 
but also of best design, and there will be separate 
tenders for the two stations), but an output 
would be guaranteed, probably in excess of that 
at Calder Hall, perhaps 300 MW. Pressures 





View of the experimental heat laboratory of the G.E.C. 


Survey on August 3, this is scheduled for 
October 1. The effort appears to have been 
considerable, and one of the four organisations, 
the G.E.C. Simon-Carves Atomic Energy Group, 
have recently revealed details of the extensive 
research work being carried out at their Erith 
premises, and given an impression of the resources 
which have been applied to the project. 

Speaking on that occasion, Mr. Arnold 
Lindley, general manager of the G.E.C.’s Fraser 
and Chalmers Engineering Works, said that 
unlike the United States, where Government 
assistance had been given to private industry 
to develop its atomic activities, no aid could 
have been expected from the British Government 
or from any similar sources. Thus existing 
resources, including men, money and buildings, 
had to be re-deployed to meet the new need. 
Now, nearly 300 specialists are engaged on 
atomic energy work and the cost of the project 
exceeded £1 million a year, with a tctal expengi- 
ture so far between £14 million and £2 million. 

In charge of the G.E.C. Atomic Energy 
Division is Mr. R. N. Millar, who remarked that 
nearly half of the company’s atomic energy 
staff were graduates, including some 10 physicists, 
20 metallurgists and the remainder engineers. 
The problem of obtaining a sufficient number of 
technologists was acute; there were, he said, 
less than 100 metallurgists produced each year 
in the United Kingdom, and metallurgy was of 
prime importance in atomic energy development. 
_ The development work in progress at Erith is 
intense, and some indication of the plant installed 
for this purpose can be gathered from an illus- 
tration on this page. This is a general view of 
an experimental heat laboratory, showing, on 
the left, equipment for the measurement of 
heat-transfer characteristics of heat-exchanger 


Simon-Carves Atomic Energy Group. 
(See ‘‘ Atom Groups Prepare to Tender—2.’’) 


and temperatures were likely to be higher; 
tests had been carried out at coolant gas pres- 
sures approaching 200 Ib. per square inch 
(100 Ib. per square inch at Calder Hall), but 
this was not necessarily an indication of the 
pressures to be used. Unlike the U.K.A.E.A. 
stations, the aim was to concentrate on power 
output in terms of fuel burn-up, not on plutonium 
production. A feature of the Group’s design was 
that it would be unnecessary to shut-down 
during charging and discharging uranium fuel. 

Mr. Lindley said that though they aimed 
eventually to export nuclear power stations, at 
present there was little question of doing so; 
there had been numbers of enquiries from 
abroad including Italy and Australia, but most 
countries would probably wait until operating 
experience in Britain had accumulated. He did 
not think there would be much call for the 
smaller sizes of power reactor in Britain. The 
group were not yet working on advanced 
reactors, but would be prepared to do so when 
the occasion arose. 

In association with G.E.C. and Simon-Carves 
in this project are the Motherwell Bridge and 
Engineering Company, who will fabricate the 
pressure vessels (the maximum thickness that 
can be welded on site is usually regarded as the 
limitation to coolant-gas pressure), and John 
Mowlem and Company, who will be the civil 
engineering contractors. 


x *k * 


Prosperous Wagon Builders 


The financial results of Charles Roberts and 
Company, Limited, the Yorkshire carriage and 
wagon builders, suggest that this industry is 
operating under exceptionally good conditions. 
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The company report an increase of more than 
£300,000 in their turnover, and an increase of 
17 per cent. in profits, to £367,163. There are 
at present contracts on hand for over £5 million, 
which include substantial orders received from 
the British Transport Commission as part of the 
re-equipment programme of British Railways. 
Further orders are confidently expected as the 
programme progresses. 

The latest available statistics for the carriage 
and wagon industry show that during the first 
four months of this year output of wagons was 
124 per cent. higher than in the corresponding 
period in 1955. Exports increased by 50 per 
cent. Overseas demand for rolling stock is 
rising steadily, though competition has become 
more acute. The Union of South Africa, the 
Rhodesias and Kenya constitute a most important 
market which has fallen off somewhat this year, 
but sales to India, the Irish Republic and Canada 
have increased substantially. Exports currently 
account for only about 7 per cent. of total output, 
which includes that of the British Railways 
workshops. The proportion of output exported 
by private builders is therefore substantially 
higher. There is every prospect of a continued 
rise in exports, provided steel supplies improve 
sufficiently to allow manufacturers to quote com- 
petitive delivery dates. The shortage of suitable 
steel, as Charles Roberts point out, has been and 
remains a limiting factor. Supplies have im- 
proved, however, and the second half of this year 
should therefore see a continued rise in output. 
The ability to quote quicker delivery will certainly 
be of great assistance to the private manufacturers 
in obtaining a larger share of overseas business. 


x * * 


Radio Research 
The work of the Radio Research Board during 
1955 is summarised by the chairman (Sir Noel 
Ashbridge) and dealt with in more detail by the 


Director (Dr. R. L. Smith-Rose) in Radio 
Research, 1955, recently published by H.M. 
Stationery Office. This report is worthy of 


study by those who realise the need for a greater 
knowledge of fundamental principles in a rapidly 
developing field. The subjects of research are 
those which will be valuable over as broad a 
range as possible. Emphasis was laid during the 
year on studies of radio wave propagation over 
a very wide band of frequencies, “ for what 
happens to the signals between the transmitting 
and receiving aerials is of concern to all users 
of radio.” The staff engaged in this branch of 
research has close connections with two inter- 
national bodies, the first of which, the Inter- 
national Scientific Radio Union (U.R.S.I.), deals 
with the physics of radio, while the second, the 
International Radio Consultative Committee 
(C.C.I.R.) covers the technical problems in the 
most efficient use of the radio spectrum for-com- 
munications throughout the world including 
sound and television broadcasting, and naviga- 
tion, including radar. It will therefore be 
appreciated that the activities of the Board are 
both widespread and complicated. 

As regards radio communications, regular 
observations were made of the properties of the 
ionosphere at stations both in this country and 
overseas by means of pulsed transmissions 
reflected at vertical incidence. These measure- 
ments provided data for forecasting transmission 
conditions for long distance high-frequency 
communication and broadcasting. Communi- 
cation circuits were also studied under operating 
conditions, and measurements of noise levels 
due to atmospheric conditions were continued in 
various parts of the world. These measurements 
were the subject of international discussion, 
owing to their obvious importance in planning 
radio communications. On the practical side, 
the rapid development in the very-high-frequency 
and ultra-high-frequency bands led to further 
attempts to increase the knowledge of propaga- 
tion over comparatively short distances. In 
view of the increase of broadcasting throughout 
the world, this work is of great importance in 
order to make the best use of radio propagation. 
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THE SNOWY MOUNTAINS SCHEME 
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Fig. 1 The area of the Snowy Mountains Scheme is half-way between Sydney and Melbourne. 


The arrows show the diversion of water from the Snowy River to the Murray and Murrumbidgee 
river systems. 





0 





aac Railways 
Tunnels 


Dams and Storages 
= 


O ss Power Stations 

x Vista Points 
——=-— Watershed 
Aqueducts 


4 


CANBERRA 


QUEANBEYAN 
~ 


> f= 


8 12 Miles 








Cumberland %& 
Reservoir. .¥ 


nd 


S. Yarrangobilly 
Lobs Hole (J 
Reservoir € : 





TUMBARUMBA 


ba 
KIANDRA 
N 


PTooma HAPPY JACK. Za 


Reservoir 


CG 
oy “ey 
v4 


Gungarlin 
Reservoir 4 
«i 


> Kosciuskos 


G eservoir 
MT. KOSCIUSKO 
7313° 7 





k3630.6) & 


~ ~ 
B Vaan 


j <9 
IAS 


Sy = 
fe SFA daminaby 
Be SQ Reservoir 
fe SQL. 


d 
EUCUM 


EAGLEHA 


FS Tantangara 
Reservoir 
TWL.4113' 


eae a= 


new 
ADAMINABY\ 


EHS 


WK 





NIM MITABELUESS 
“ENGINEERING 





Fig. 2. The Adaminaby and Jindabyne reservoirs will form the principal water storages of the 
Snowy Mountains Scheme; from them tunnels lead under the watershed of the Great Dividing Range 
to water irrigation areas further to the west. 


POWER 


Water is the limiting factor to the Cevelopment 
of Australia. Only a few areas, covering a smalj 
percentage of the whole continent, have ap 
annual rainfall greater than 30 in.; the mog 
important of these areas is the strip between the 
Great Dividing Range and the east coast, and at 
the southern end of this strip are the Snowy 
Mountains. A scheme—the Snowy Mountains 
scheme—has been planned by the Federal 
Government and the State Governments of New 
South Wales and Victoria to make the best use 
of the rain that falls on these mountains, both for 
irrigation and for the generation of electric 
power. 

The rain falling on the western side of the 
watershed formed by the Great Dividing Range 
reaches the sea near Adelaide through the River 
Murray and its tributary the Murrumbidgee, 
Much of the land through which they flow is 
fertile but dry, and irrigation schemes haye 
already been operated there with great success: 
Fig. 1 shows the rivers and the main irrigation 
areas. The rain falling on the eastern side of the 
Snowy Mountains is drained by the Snowy River 
and its tributaries, which flow to the south- 
eastern coast of Victoria through an area of good 
rainfall. 

The Snowy Mountains scheme will divert a 
large part of the headwaters of the Snowy River 
from the eastern to the western side of the 
watershed. The water will be collected in 
reservoirs and led from them through tunnels 
under the Great Dividing Range to the head- 
waters of tributaries of the Murray and the 
Murrumbidgee. The energy of the falling waters 
will be converted to electrical energy in hydro- 
electric power stations, and will then be fed to 
the State electricity networks of New South 
Wales and Victoria by 330 kV transmission lines, 
The total installed capacity planned at present 
is 2,770 MW in 15 power stations. The area 
to be irrigated by the diversion of the waters of 
the Snowy River and by regulation of the 
Murray and Murrumbidgee will be 600,000 acres, 
increasing by more than a third the irrigated 
land in Australia. The total cost of the scheme 
at present values will be more than A£400 
million, and the work is likely to extend over a 
period of 25 years or more. 


MONEY AND MEN 


Various proposals have been put forward 
over the last 70 years to use the waters of the 
Upper Snowy to greater advantage, but most of 
the schemes have considered only one use of the 
water, either irrigation or power production, 
and have been local in application. To make 
the best use of the Snowy Mountains water 
the Federal Government has had to override 
proposals put forward by the State Governments 
of N.S.W. and Victoria which would benefit their 
respective states only. The dual-purpose scheme 
using the water falling on the Snowy Mountains 
for both irrigation and power production will 
result in far greater benefits to the States than 
would have their own local schemes. 

At a conference between Ministers of the 
Commonwealth and of the States of N.S.W. and 
Victoria in 1946 it was decided to set up 4 
committee to investigate the potential of the 
Snowy Mountains area. This committee sub- 
mitted two reports in November, 1948, and 
June, 1949. As a result the Snowy Mountains 
Hydro-Electricity Authority was constituted in 
July, 1949, under a Commissioner assisted by 
two Associate Commissioners. Under the pro- 
visions of the constituting Act the Authority has 
power to construct, maintain, operate, and 
control works for the collection, diversion, an 
storage of waters in the Snowy Mountains area 
and for the generation of electricity in that area. 

The scheme, which must be one of the largest 
integrated developments of the water potential 
of an area anywhere in the world, is financed by 
the Federal Government. It is intended that the 
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income from the sale of electrical energy shall 

for the whole scheme without any contribu- 
tion from the irrigation areas. The difficulties 
in levying a contribution from these areas are 
considerable, and it will be many years before 
all the water distribution works are completed. 
it must be recognised, however, that the design 
of certain works has been influenced by the need 
to cater for irrigation requirements. 

The construction of such a scheme, large by 
any standards but particularly so in a country 
ofless than 10 million people, has demanded more 
qualified engineers and skilled and unskilled 
workers than Australia could find. This problem 
has been overcome in three ways: qualified staff 
were recruited from all over the world; in the 
earlier contracts the contractor was required to 
supply a proportion of his labour; and in all 
contracts a large number of workers have been 
“New Australians °—Government-sponsored 
immigrants from Europe. 

By an agreement between the governments of 
Australia and the United States, the great experi- 
ence of the U.S. Bureau of Reclamation has been 
made available to the Snowy Mountains 
Authority. Selected engineers of the Authority 
are given training in the United States, and the 
Bureau has given assistance in the design and 
preparation of construction drawings and draft 
specifications for a number of projects. Among 
these are the Eucumbene-Tumut tunnel, the 
Tumut pond dam, and the TI pressure tunnel. 
Under the agreement, leading Bureau engineers 
have visited Australia from time to time and a 
team of specialists has been temporarily seconded 
to the Authority’s headquarters. 


STRATEGY OF POWER PRODUCTION 


Although the power stations of the Scheme 
will have a total installed capacity of nearly 
3,000 MW, they will ultimately form only a 
small proportion of the total generating capacity 
of N.S.W. and Victoria. In 1954 the power 
stations throughout Australia were 82-4 per 
cent. thermal, 4-4 per cent. internal combustion, 
and 13-2 per cent. hydro-electric. The capacity 
of thermal generating equipment is being greatly 
extended to meet the anticipated loads, and the 
trend is now for power stations to be built on the 
coalfields rather than at the load centres. Existing 
stations in N.S.W. and Victoria fall into five 
groups: coalfield thermal stations, hydro- 
electric stations, metropolitan thermal stations 
using high-cost fuel, efficient plant outside the 
metropolitan areas, and inefficient plant outside 
the metropolitan areas. ° 

The hydro-electric stations of the Snowy 
Mountains Scheme are planned to operate on a 
low load factor, a figure of 23 per cent. being 
aimed at for the whole scheme. But until the 
proportions of plant in the third and fifth 
categories above are reduced, the hydro-electric 
stations will have to operate on a somewhat 
higher load factor. The integration of the 
stations of the Scheme into the overall production 
of electric power by all methods, hydro, steam, 
internal combustion, and nuclear, has been 
planned with great care to keep system operation 
flexible under all foreseeable developments. 


TWO MAIN DIVERSION TUNNELS 


The scheme falls into two halves, the Eucum- 
bene-Tumut development and the Snowy- 
Murray development. The two parts of the 
scheme are independent of each other, as Fig. 2 
shows, though the flow of water in one part 
influences the flow of water in the other. In the 
Snowy-Murray development the Snowy River 
will be dammed at Jindabyne, and the water 
stored in the Jindabyne reservoir will be diverted 
through a tunnel about 30 miles long to the 
Swampy Plain River, a tributary of the Murray. 
The water will pass through three power stations, 
M3, M6, and M7, with a total installed capacity 
of 1,345 MW. In addition, the water flowing 
down the Upper Snowy and the Geehi Rivers 
will be dammed at various points and power 
Stations will be built in association with the 
dams. The station MIB on the Upper Snowy 


| has already been built, and is known as the 


uthega power station; the Guthega dam is 


shown in Fig. 3, and the whole project will be 
described in detail in a later article. The flow 
of the Upper Snowy is led at Island Bend down a 
vertical shaft to the Jindabyne-Swampy Plain 
tunnel. 

The Eucumbene-Tumut development consists 
of the damming of the Eucumbene, a tributary 
of the Snowy River, to form the Adaminaby 
reservoir from which water will be diverted 
through a 14 mile tunnel to the Tumut River, 
a tributary of the Murrumbidgee. At the 
Tumut end of the tunnel there will be a regulating 
pondage known as the Tumut pond, and from 
here the water will flow through pressure tunnels 
to the power station Tl. From the tailrace of 


Fig. 3 The Guthega dam is only a few miles 

below the summit of Mount Kosciusko, the highest 

point in the Australian Alps. Snow begins to fall 

here in April or May and the thaw begins in 
August or September. 


TI the water will flow through another pondage 
to station T2; both power stations Tl and T2 
will be built underground. 

Further plans in the Eucumbene-Tumut 
scheme include the diversion of the Upper 
Tooma to the Tumut pond by a tunnel from the 


Taste I. Power Station Details 


Snowy-Murray Development: 


Effective Annual 
Net Net Installed | Type of  Gner8¥ 
Station Head Station Capacity | Turbine (MWH 
(ft.) Flow (MW) Units per 
(cusecs.) annum) 
MIA 555 248 60 Francis 88,070 
MIB 800 411 90 Francis 213,830 
M2H 605 28 10 Francis 10,840 
M2L 415 449 60 Francis 119,230 
M3 900 772 265 Francis 444,570 
M4 1,775 127 75 Pelton 144,240 
MSH 285 322 40 Francis 58,720 
MSL 145 656 20 Kaplan 55,110 
M6 950 1,713 540 Francis 1,041,260 
M7 930 1,822 540 Francis 1,084,200 
Eucumbene-Tumut Development: 
. Annual 
Effective 
Net Net Installed Type of end 
Station Head Station Capac'ty Turbine (MWH 
(ft.) Flow (MW) Units per 
(cusecs.) annum) 
Tl 1,050 | 1,306 320 Francis 877,630 
T2 863 | 1,056 280 =| Francis | 783,710 
T3 OC These stations, which were proposed in the report of 
the Technical Committee of 1949, have been 
T4 | dropped from the Authority’s present proposals. 
TS 221 1,681 186 Francis 237,710 
T6 378 1,801 230 Francis 435,600 
T7 195 1,885 60 Kaplan 235,190 
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Tooma reservoir. Since the Eucumbene-Tumut 
tunnel is nearly level the Upper Tooma water 
can be diverted to the Adaminaby reservoir 
by closing the tunnel gates into Tumut pond. 
The Upper Tumut can also be diverted to the 
Adaminaby reservoir by the vertical junction 
shaft. A dam will be built on the Upper 
Murrumbidgee to form the Tantangara reservoir, 
the water from which wiil flow to the Adaminaby 
reservoir through a tunnel. All these arrange- 
ments, which will be described in detail in a 
further article, will enable water to be stored in 
years of good rainfall and released in years of 
bad. Details of the power stations are given in 
Table I, though some of the capacities and other 
details are subject to final confirmation. 


RE-REGULATING RESERVOIRS 


The whole design of the Snowy Mountains 
scheme is centred round the maximum utilisation 
of the resources of the area for both power pro- 
duction and irrigation. To some extent the 
interests of both water and power are the same. 
In both cases the provision of large reservoirs 
to give long-term regulation is desirable, and the 
use of the main reservoirs to give greater outputs 
of energy from control stations during dry 
seasons than in wet will also be of advantage 
from the irrigation viewpoint. But the variation 
in releases from main storages for power produc- 
tion through the months of the year will not 
always correspond with the demands for irriga- 
tion water. The irrigation season extends from 
September to April, and water released during 
other months would have comparatively little 
value. 

In order to conserve this water released from 
power stations during the non-irrigation season, 
re-regulating reservoirs downstream from both 
sections of the scheme will be provided by the 
State Irrigation Commissions. The re-regulating 
reservoir on the Tumut River, the proposed 
Blowering reservoir, shown in Fig. 2, will have 
a storage capacity of about 850,000 acre-ft., 
sufficient to hold most of the water released from 
the Tumut River power stations during the non- 
irrigation months. Similarly the water released 
from the Snowy-Murray section of the scheme 
will be re-regulated for irrigation in a storage on 
the Murray River. This storage will take the 
form of either an additional 500,000 acre-ft., 
to be provided by heightening the existing Hume 
dam on that river, or of a new reservoir upstream 
of the Hume dam. On completion of these 
two re-regulating storages the water released 
from the scheme will be capable of being used 
in the most effective manner for irrigation, 
virtually regardless of minor variations in the 
operation of the power stations. 

The area of irrigated land in Australia is at 
present about 14 million acres. The diversion 
of the Snowy and Eucumbene waters to the 
west will be 970,000 acre-ft. annually, and regu- 
lation on the Murray and Murrumbidgee will 
add a further 848,000 acre-ft. This water will 
be sufficient to irrigate more than 600,000 acres 
of the fertile land along these two rivers. The 
values of production in 1952/3 from the irrigated 
areas in N.S.W. and Victoria were respectively 
£8 million and £34 million. Produce from 
livestock accounted for well over half these 
totals, but fruit, wine, rice, vegetables and 
cereals also made substantial contributions. 
When the irrigation waters from the scheme have 
been applied to the additional 600,000 acres it 
is hoped that the additional annual produce will 
have a value of about £25 million. 

The design of all the engineering works in an 
irrigation or hydro-electric scheme is dependent 
on the amount of water that is likely to be 
available. A comprehensive record of the rain- 
fall over the whole of the area for a number of 
years is an essential basis for design; without 
this the engineering works may either be unneces- 
sarily large and expensive, or may not take full 
advantage of the potential of the area. Even 
then a long-term forecast, which may cover only 
a portion of the expected life of such structures 
as dams and tunnels, may be largely a matter of 
guesswork. In Australia the rainfall over the 
period 1850-1900 was considerably greater than 











Fig. 4 The steep sided Tumut valley is typical of the western side of the 
Great Dividing Range. The illustration shows the site ofthe Tumut pond dam. 


that during the period 1900-1950. The annual 
rainfall in the last few years has been well above 
the average of the preceding 50 years, indicating 
a cyclic change; it has also been suggested that 
world-wide climatic changes may be taking 
place, which might mean a higher rainfall for 
Australia. 

The Snowy Mountains area is intersected by 
a series of mountain ranges forming boundaries 
between the headwaters and catchments of the 
three main river systems, those of the Snowy, 
Murray and Murrumbidgee. To the east of 
the area lies a broad plateau at an elevation of 
2,500 to 3,000 ft. from which the mountains rise 
sharply to a general elevation of 4,000 to 6,000 ft., 
with a maximum of 7,306 ft. at Mount Kosciusko; 
to the west the ground drops very steeply to the 
Murray valley. The rivers and streams through- 
out the area are generally fast-flowing mountain 
streams running in deep gorges, forming some of 
the most rugged country in Australia. A typical 
example is the Tumut Valley, shown in Fig. 4, 
at the future site of the Tumut pond dam. 

In winter and spring all the area above 5,000 ft. 
is covered by snow which begins to fall in April 
or May. After July or August, when the snow 
cover reaches its greatest extent, the thaw begins 
and may last from three to four months. Snow 
covers an area of about 750 square miles, and 
most of the rain falling in that area is held by 
the snow so that in spring high flows are sus- 
tained for long periods. At Island Bend on the 
Snowy River, for example, it is not uncommon 
for flows of 800 to 1,000 cusecs to be sustained 
for three months from a catchment of 87 square 
miles. 

The greater part of the annual run-off from 
the area occurs in the snow-melt season from 
August to December, during which as much as 
70 per cent. of the annual run-off may be 
recorded at Jindabyne on the Snowy River. 
This concentration of run-off is not so marked, 
however, towards the northern boundaries of 
the area where some of the tributaries of the 
Tooma and Tumut show well sustained summer 
and autumn flows. The very steep nature of the 
valleys intersecting the area promotes a quick 
run-off of ground water and gives rise to very 
sudden floods. 

Other features which contribute to the many 
variations in hydrology occurring within the 
area are the heavily timbered gorges of the 
Tumut and Geehi rivers, and the relatively 
treeless and flat plains of the Upper Eucumbene, 
Gungarlin and Tumut rivers and the morains 
of the Kosciusko area. The treeless areas 
retain a considerable amount of rain but yield 
it quickly, while the deep soils and good forest 
cover of the Tumut and Geehi gorges hold the 
rain for much longer periods. 

On the Monaro tableland, at 3,000 ft., the 
average annual rainfall is 20 to 30 in. but it is 
estimated to reach 120 in. on the higher parts 





of the main range. The 
two main factors affec- 
ting the area rainfall are 
the position of the belt 
of strong westerly winds 
encircling the southern 
hemisphere and the mon- 
soon winds of the Aus- 
tralian continent. In 
winter months westerly 
winds occur in the lati- 
tude of the Snowy Moun- 
tains and the rainfall 
regime is similar to that 
of Western Europe or 
North America. In sum- 
mer the westerly wind 
system moves south and 
the presence of dry con- 
tinental air is the normal 
condition, with frequent 
thunderstorms during 
which rainfalls of up to 
4 in. in one hour are 
possible. 

The hydrological in- 
vestigations of the 
Authority have been in 
three main parts: 

(a) Detailed study of the yield from the various 
waterways comprising the river system of the 
area. 

(6) Accurate estimation of the floods likely to 
occur at the site of major engineering works, so 
that the design of spillways, diversion works. 
etc., may be economically determined. 

(c) Hydrological forecasting to enable the 
day-to-day operation of the completed hydro 
stations to be effectively programmed, par- 
ticularly where they are to operate in parallel 
with thermal power stations. 

Hydrographic records of the principal rivers 
of the area are available in some cases as far 
back as 1902. The Authority has adopted a 
standard period of 50 years from 1902 to 1952, 
and when such direct records are not available, 
as in the case of most of the smaller waterways, 
correlation techniques have enabled their yield 
to be estimated over the standard period of 
record. 

The Authority has added 70 stream-gauging 
stations to the 27 that existed in 1950, and 13 
have been established by the State Irrigation 
Commission. The result has been to give a 
complete pattern of stream flow over the whole 
area, so that all the variations due to elevation, 
soil and vegetation cover, and catchment aspect 
could be taken into account. 


GEOLOGY : WEATHERED ROCK 
IN GREAT DEPTH 


The geology of the area has several features 
which are undesirable for the construction of 
major engineering works, and these features 
have influenced the siting of dams, power 
stations and tunnels. Extensive earth move- 
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ments have resulted in a multip! city of faul 

some having a vertical throw estimated at a, 
3,000 ft. These fault zones are frequently wi 

and contain crushed material having = 
undesirable properties. Dykes decomposed y 
considerable depth are also numerous = 
jointing in all rocks is generally very close, by 
may vary widely within short distances |. 
many places close to the sites of projected works 
active rock screes are to be found. 

Acidic ground waters are prevalent which 
together with the oxygen of the atmosphere the 
frequent freezing and thawing during the wine 
months, and the prevailing close rock joint 
system, have combined in the past ages to 
produce an unusually thick cover of weathered 
rock over the greater part of the area, Thi 
surface zone of decomposed rock often has an 
average depth of about 50 ft. and in som 
places exceeds 200 ft. In the past extensiy 
landslides have occurred due to large accumula. 
tions of this rock. Sand, gravel and alluvial 
deposits generally are scarce in much of the 
region due to the steep river slopes; as a resyl; 
there is insufficient natural sand for constry. 
tional needs at many of the sites. 

Geological surveys using diamond drills ang 
percussion drill rigs have been made to fing 
convenient sources of construction material 
for concrete work, including road paving 
The seismic refraction method of geophysical 
survey has frequently been employed in projec: 
investigations to measure the depth of gravel 
deposits and general overburden such a; 
weathered rock landslides, glacial morain or 
alluvium at proposed dam and power stations 
sites and along tunnel lines. Approximate 
sound rock profiles over large areas have been 
obtained cheaply and rapidly by the use of this 
technique, and the results used as a guide to 
detailed exploration by drilling. 


NEW TOWNS AND ROADS 


The towns and communications of the Snowy 
Mountains area are shown in Fig. 2. Before 
the beginning of the scheme towns in the area 
were Cooma and Tumut, both market towns for 
prosperous agricultural areas, and Adaminaby 
and Jindabyne, small local centres. Among 
other smaller places was the township of 
Kiandra, where 20,000 Chinamen once dug for 
gold and where now only a dozen shacks and 
a ski-ing chalet remain. Both Cooma and 
Tumut were on branch lines of the Great Southern 
Railway from Sydney. Main roads ran from 
Canberra through Cooma, from Cooma to 
Mt. Kosciusko, and the Monaro Highway ran 
from Cooma to Tumut. 

The railhead town of Cooma was selected a 
the site of the headquarters of the Authority, 
and an aerodrome has been built there to provide 
regular air services to Sydney and Melbourne. 
Construction works centres were built by the 
Authority at Island Bend, Cabramurra, Happy 
Jacks, and Eaglehawk, and a number of smaller 
camps were built at other construction sites. 





Fig. 5 Part of the heavy equipment for Guthega power station crossing the Snowy River ne 


Jindabyne. 


Access roads to power stations have been designed for the Thornycréft transporter tral 
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At Cooma, Island Bend and Cabramurra, 
cottages were built for married staff and barracks 
for single staff, as well as shops, schools, churches 
and playing fields. The townships of Jindabyne 
and Adaminaby will be drowned by the rising 
waters in the two main reservoirs, and new 
townships are being planned near the old sites. 
part of the Monaro Highway will also be sub- 
merged by the Adaminaby reservoir, and the 
diversion north-east of the original road, shown 
in Fig. 2, is nearly complete. 

Heavy electrical equipment and turbines can 
only be transported to the power station sites 

road. The access roads to the power stations 
are therefore designed to take a loaded Thorny- 
croft “ Mighty Antar.” This will carry 120 
tons, itself weighs 40 tons, is 77 ft. long and 
12 ft. wide, and requires two 250 h.p. tractors. 
The transporter is fitted with hydraulically 
operated bogies which can be turned through 
9) deg. when the trailer is loaded, so that the 
trailer and its load can be moved sideways in 
confined areas. Fig. 5 shows the loaded 
transporter crossing a specially made bridge 
over the Snowy River, near Jindabyne. 


Other roads have been built for access to the 
construction sites, and will serve for future main- 
tenance and operation of the scheme. The 
Authority has constructed 95 miles of main 
arterial roads, from which 80 miles of secondary 
roads lead to regional and work centres; there 
are also more than 100 miles of exploratory 
tracks used mainly by light vehicles with four- 
wheel drive. 

The new roads will help to open up further one 
of the most beautiful but least accessible areas 
of Australia. Mt. Kosciusko and Kiandra have 
long been fashionable ski-ing centres, but their 
facilities have been limited. The rapidly in- 
creasing ranks of Australian ski enthusiasts hope 
that the opening up of the Snowy Mountains 
area will lead to the formation of numerous ski 
centres with first-class facilities. 


This is the first of four articles on the Snowy 
Mountains Scheme. The three succeeding articles, 
which will be published at intervals between now 
and the end of the year, will be concerned with 
descriptions of sections of the Scheme which have 
already been constructed. 


HIGHWAY BRIDGES: A RATIONAL 


APPROACH TO 


The fifth congress of the International Association 
of Bridge and Structural Engineering, held recently 
in Lisbon, was followed by a one-day symposium 
on the Loading of Highway Bridges. Held at 
Oporto, under the chairmanship of Dr. G. Wastlund 
(Sweden), the number of delegates attending the 
symposium was limited by invitation. 

Broadly, the problem considered was this: in 
order to design each member of a bridge structure 
against the most stringent stress conditions to which 
it is likely ever to be subjected, designers have pro- 


tected themselves against every possibility of 
failure by taking into consideration a density of 


vehicle loading that experience has shown to be 
almost impossible to realise. Attempts have there- 
fore been made to formulate a rational approach to 
the problem that will take into reasonable account 
the excessive load of only very infrequent occur- 
rence. 


Prior to the symposium six different aspects of 
the bridge loading problem were proposed as a 
basis for written papers and discussion; these 
were :— . 

1. Studies of statistical methods as a basis for 
the derivation of design loads for bridges; 

2. Information concerning the numbers and 
weights of vehicles operating in the various 
countries, including vehicles designed to carry 
abnormal indivisible loads; 

3. A summary of current national specifica- 
tions for design loads; 

4. A summary of permissible stresses in 
current national specifications; 

5. Suggested modifications in design load- 
ing; and 

6. The assessment of the strength of existing 
bridges. 

With so much study and attention being 
devoted to the problem of factors of safety in 
design, it was natural that the largest number of 
contributions and the greatest interest should 
have been centred on item 1. Papers by Mr. 
S. O. Asplund (Sweden), Mr. J. Ferry Borges 
(Portugal), Mr. Y. Tahara and Mr. Ichiro 
Konishi (Japan) all supported the belief that 
mathematical statistical methods could be applied 
to studies of traffic so as to make it possible to 
derive a suitable design loading from these 
Studies, and to estimate the probability of over- 
loading with a sufficient degree of accuracy as 
was necessary to meet practical needs. 

In his paper, Mr. Asplund considered the 
Statistical distribution of heavy vehicles within 
a traffic block, while Messrs. Tahara and 
Konishi examined the probability of severe con- 
centrations of moving vehicles. The former 
approach greatly simplified the mathematical 
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problem, and it was suggested that the possi- 
bility of vehicles coming to a stop on a bridge 
was a very real one which could not be ignored. 
The question of which was the more correct 
view point was of considerable importance, 
depending in the main on whether the dynamic 
effects of moving vehicles exceeded the increase 
in loading which would result from the close 
packing of stationary vehicles. An_interest- 
ing paper by Mr. Ferry Borges suggested that 
the dispersal of traffic with increase in speed far 
outweighed any dynamic effect which might arise 
in consequence of the movement of the vehicles, 
and supported the assumption of Mr. Apslund 
that the study of vehicle distribution in a traffic 
block was the more satisfactory approach. 

A severe handicap to any attempt at making a 
sound statistical investigation of traffic con- 
centration on bridges was stated to be the 
lack of data. A paper by Mr. W. Henderson 
(Great Britain) suggested that a serious objection 
to the use of statistical methods based on chance 
lay in the fact that the distribution of traffic was 
not necessarily random and that non-accidental 
groupings of the heavier vehicles could take 
place. While it was possible that these circum- 
stances could be taken into consideration, it was 
clear that very thorough and extensive investiga- 
tions were necessary in order to obviate errors 
from this source. Investigations carried out on 
behalf of the Swedish Board of Roads and 
Waterways supported this criticism and, on 
this evidence, it had been concluded that it was 
not correct to assume a random distribution on 
the basis of the mean composition of traffic 
during a 24 hour period, although some of their 
results were said to indicate that the hypothesis 
was not applicable to a shorter time interval. 

Two views of the relationship between design 
loading and actuality became evident in the 
discussion: on the one hand, it was considered 
that it was reasonable to accept the collapse of a 
structure under conditions of actual loading 
which, while having a low probability, were not, 
in fact, impossible. The justification for this 
approach lay in economic circumstances, it being 
claimed that savings in the building of bridges 
could be turned to other socially useful purposes 
such as schools and hospitals. 

The opposing view was that no public body 
responsible for the construction of bridges could 
entertain the possibility of collapse of a structure 
under traffic conditions which were even remotely 
possible. 

The discussion on statistical methods was 
directed by the reporter to eight different aspects 
of the subject. When the further written con- 


tributions were received and reported on, these, 
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with the initial contributions, were expected to 
provide an excellent survey of the most up-te- 
date thought on the subject. 

The recommended aspects for the consideration 
of this subject were: 

(a) General discussion of the most unfavour- 
able traffic condition to be considered, with 
reference to the effects of traffic blocks, the most 
unfavourable traffic speed, the speed causing 
greatest stress, etc. 

(b) The justification of the hypothesis which 
assumed that vehicle distribution was determined 
by chance alone. 

(c) The correlation between loading and the 
length and width of a bridge. 

(d) The significance of the time element and 
the service life of the bridge in statistical investi- 
gations of loading. 

(e) Consideration of the principle of basing 
design loadings on traffic conditions which 
cannot reasonably be exceeded, the local factor 
being reduced for the more unlikely loading 
condition. 

(f) The possibility of unifying military, civil 
and abnormal loading specifications. 

(g) Criteria concerning the probable incidence 
of secondary loading, such as braking forces, 
wind loading, etc., in conjunction with the 
design loading. 

(h) The information which should be sought 
in future investigations of loading on bridges. 

Contributions under the headings numbered 
(2), (3) and (4) above consisted essentially of data 
from regulations governing the weights of 
vehicles in various countries, together with 
specified design loads and permitted stresses. 
Nevertheless, the collection of these data from the 
participating nations provided a useful document 
and several points of general interest were 
evident. 

It appeared, for instance, that the majority 
of countries have several design loadings, 
depending on the importance of the road on 
which the bridge concerned was situated. Thus 
there were three classes of main road and three 
classes of minor road in Germany, for each of 
which a separate design loading was provided. 
Similarly, there were three classes in Norway and 
Czechoslovakia, four in Hungary and Russia, 
two in Switzerland and Japan, while Sweden and 
Portugal, with Britain, had one only, if recog- 
nition of abnormal loading is excluded. 

Most countries adopted a design loading based 
on traffic lanes, consisting of a uniformly 
distributed load taken in conjunction with 
either a single vehicle or a concentrated knife- 
edge load. Where there were several traffic 
lanes on a bridge, one or two fully loaded lanes 
were placed in the worst position transversely, 
while the remaining lanes were considered to 
carry a fraction only of the maximum lane 
loading. 


ABNORMAL LOADS 


So far as abnormal loading was concerned, it 
appeared that the vehicle used for design purposes 
in Great Britain (four axles, each of 45 tons) 
greatly exceeded anything used _ elsewhere. 
Broadly, this reflected the actual demands made 
by abnormal traffic in Britain, as compared with 
other countries. Nevertheless, it was clear that 
the problem created by the movement cf excep- 
tionally heavy loads was common to most 
countries, and it was of interest to note that 
some countries with comparatively light design 
loadings had been able, however, to provide 
routes for vehicles of considerable weight, even 
by British standards. Thus, for instance, 
Sweden, with an abnormal design load of only 
100 tons and a light normal loading had handled 
an actual vehicle of some 300 tons gross weight, 
while Germany, which used a single 60 ton 
vehicle in conjunction with a distributed load in 
the design of the most important routes (auto- 
bahn), had had vehicles of 190 tons gross weight 
travelling on its roads. It was believed that the 
heaviest gross load which has travelled over 
British roads weighed 245 tons. 

Suggested modifications and improvements in 
design loading were few in number, and in the 
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main directed at the regulations prevailing in 
the country to which the contributor belonged. 
It was evident that there was a general acceptance 
of a distributed lane loading used in conjunction 
with a local concentration as the most suitable 
form for designers. 

Some disappointment was expressed that 
contributions on the assessment of the strength 
of existing bridges was not as extensive as it 
might have been, and it was hoped that later 
written contributions might remedy this. The 
need to ascertain the maximum carrying capacity 
of old, or for that matter, new bridges, was one 
which must be a problem in most countries; 
here, it seemed, the sharing of individual experi- 
ence could be of great value. 


ASSESSING EXISTING BRIDGES 


In those countries where more than one 
design load was used, there was a ready-made 
basis for classification; this might not, however, 
be entirely satisfactory, since the objects of 
design and assessment were to some extent 
different. In the former the aim was to provide 
a satisfactory bridge for general traffic with an 
adequate life, while the purpose of the latter 
was to ascertain the heaviest actual vehicles 
which could be permitted to use a bridge, in 
some cases at least, with the acceptance of a 
materially shortened life of the bridge. From the 
preliminary contributions it appeared that in 
some countries, higher stresses were acceptable 
for assessment than were permitted in design; 
that is to say, the load factor was reduced. 

Old or complex structures presented con- 
siderable difficulty in assessment. The technique 
of testing to assist in reaching a conclusion 
seemed to be used most extensively in Sweden 
and Great Britain, and in the report on this 
theme attention was drawn to some of the diffi- 
culties inherent in this approach to the problem. 
In addition to those of interpretation and 
extrapolation of results, consideration was 
directed to the philosophic problem of the 
stresses acceptable in this technique; on the one 
hand it might be claimed that, as all relieving 
factors had been automatically taken into account 
in the test, somewhat lower stresses than those 
acceptable in design should be used, while on 
the other hand, since certain adverse unknown 
factors were similarly absorbed into the test 
results, higher acceptable stresses were justified. 
From the opinions expressed in the discussion, 
the latter conclusion seemed to be favoured. 

From the Swedish and British contributions 
it appeared that the calculation of the strength 
of masonry arches continued to present major 
difficulties. A great deal of work had already 
been done on this intractable subject, par- 
ticularly by the British Building Research Station, 
and one of the British contributions provided 
a description of a 110 ton testing vehicle specially 
designed by Ministry of Transport for the 
continuation of this research. 
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“QUEEN ANNE” BLAST 
FURNACE RELINED 


After the completion of re-lining, the Queen 
Anne blast furnace at the works of the Appleby 
Frodingham Steel Company, Scunthorpe, Lin- 
colnshire, a branch of the United Steel Com- 
panies, Limited, will have a hearth diameter of 
31 ft. The furnace is one of the firm’s famous 
four ‘Iron Queens,” the others being Queen 
Mary, Queen Bess and Queen Victoria; it was 
commissioned in March, 1954, with a hearth 
diameter of 27 ft., a bosh diameter of 30 ft. 3 in., 
a throat diameter of 22 ft., and a height of 
100 ft. The working volume was 42,372 cub. ft. 

The re-lining operation began on July 21 and 
the furnace is expected to be back in operation 
on about September |, when the bosh diameter 
will be 34 ft. 3 in. and the throat diameter 
23 ft.9in. The effective volume of the furnace 
will be 51,615 cub. ft. and the height will remain 
unaltered at 100 ft. 

During the first campaign, the Queen Anne 
furnace produced 800,000 tons of iron. 


The heat pump is by no means a new idea. 
The principle of it was first proposed to the 
Glasgow Philosophical Society by Lord Kelvin 
about 100 years ago, but it was nearly 80 years 
before Lord Kelvin’s outlined procedure became 
more than an experiment. 

The premises of the Southern California Edison 
Company in Los Angeles were heated and cooled 
by a heat pump as long ago as 1932. The 
Ohio Power Company had one plant in 1940. 
Similarly, in Switzerland, Zurich Town Hall 
utilised the heat of the nearby river in 1938, 
and following this, plants were installed in the 
Zurich Congress Building and Lanquart Paper 
Mills. In England, the Norwich Electricity 
Corporation installed a heat pump just before 
the war for heating and cooling its new buildings. 
There followed the Festival Hall heat pump, the 
story of which is well known. 

During the past few years considerable 
attention has been given in the U.S.A., Switzer- 
land, Germany and to a lesser extent in this 
country to the numerous possibilities offered by 
the system. One main advantage is of course, 
the low operating cost since 2 to 5 units of heat 
are given out for each heat unit of electricity 
consumed. 

With regard to the domestic type of heat pump, 
very little progress was made before the war, as 
there was plenty of cheap coal available every- 
where, and the development did not seem 
justified. However, times have changed and coal 
has become dearer—so have electricity, gas and 
oil. The problem of heating must still be solved. 
Furthermore, the Beaver Report has unveiled 
the truth about smog, and the general public 
realises now as never before something of the 
harm that is done to the whole nation by atmos- 
pheric pollution. It is thus obvious that smog- 
producing fuels should be eliminated from 
domestic heating and that the energy to be used 
in the future for that purpose will be electrical. 
Research into this field therefore must concen- 
trate on improved methods of electrical heating. 

Engineers know very well that the production 
of electricity is wasteful; in fact, the thermal 
efficiency of a good power station is only about 
28 per cent. This means that only 28 per cent. 
of the total heat of combustion available in the 
coal is converted into electrical power, the 
remainder being rejected to cooling water, 
radiation and friction losses, etc. Allowing 2 per 
cent. for transmission and distribution losses, 
the final efficiency of 26 per cent. must be 
compared with an overall efficiency of 30 to 
60 per cent. obtained by the direct burning of 
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THE DOMESTIC HEAT PUMP 


STANDARD EQUIPMENT OF THE FUTURE 
By M. Komedera, B.SC. (ENG.) 


fuel. The difference in these efficiencies reflects 
clearly the competitive disadvantage of electrica} 
heating. Yet from the point of view of the 
consumer, electric heating is ideal, since jt 
eliminates dirt, soot and fumes, requires no 
stoking or ash removal, and lends itself to 
automatic control. 

No big improvement in the overall efficiency 
of power stations can be envisaged during the 
next few years. Power consumption is rising 
very steeply and it is estimated that within 
20 years the consumption will be trebled, 
Nuclear power will not mean unlimited supplies 
of electricity for heating purposes and, although 
this extra power will make a substantial contri- 
bution to the generation programme, it will not 
solve fuel crises, unless wastage of energy js 
stopped and the efficiency of heating appliances 
increased. 

A possible method of using electrical energy 
in a more efficient manner is by employing 
the heat-pump cycle. The high coefficient of 
performance (C.O.P.), which usually lies between 
2 and 5, raises the overall efficiency for electrical 
heating from 28 per cent., to over 100 per cent., 
and at the same time all the advantages of 
electrical heating are retained. Since the heat 
pump also gives cooling with the same equipment 
that is used for heating, it offers a substantial 
advantage over other methods. It is easy to see, 
therefore, why the electrical industry is taking 
more and more interest in the developments 
which are carried out in this field. The heat 
pump seems to be the only logical answer to the 
present fuel economy problem, since nearly all 
the heat losses at the power station can be 
regained by the consumer. 


HEAT PUMP CYCLE 


The principles of the heat pump are similar 
to those of the refrigerator and require only a 
knowledge of the behaviour of vapours under 
varying conditions of temperature and pressure. 
The vapour or refrigerant is the working fluid 
used in the system. In the case of a domestic 
refrigerator and small plants of automatic type, 
a refrigerant known as “ Freon 12 ” (or Arcton 6) 
is almost invariably used. The full name of 
Freon 12 is dichlorodifluoromethane, and its 
chemical formula is C Cl, F,. Fig. 1 shows the 
heat pump circuit; the operation differs from 
that of a refrigerator only in that the heat 
extracted from the low temperature source Is 
utilised instead of being dissipated. 

Consider the heat pump cycle, and assume that 
Freon 12 is used as a refrigerant. Starting 
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Fig. 1 The elements of a heat pump circuit are the same as those of a refrigerator, and consist basically 
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of a compressor, condenser, expansion valve and an evaporator. 
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Fig. 2 The Carnot cycle for a refrigerator shown on (a) P-V and (b) T-¢ diagrams. 


with the compressor, Freon gas is induced into 
the cylinder and compressed to a pressure of, 
say, 206 Ib. per sq. in. gauge, which corresponds 
to a saturation temperature of Freon of 140 deg. 
F. Thus, if this hot gas is passed through a 
coil immersed in water (the condenser) which is 
at a temperature of, say, 60 deg. F., the gas will 
be cooled down and liquified. The liquid is 
collected in a receiver which serves as a storage 
bottle and from there it passes through the 
expansion valve, which both controls the rate at 
which the refrigerant is admitted to the evapora- 
tor and lowers the pressure of the vapour, and 
therefore the saturation temperature. At, say, 
10 lb. per sq. in. gauge, the saturation tempera- 
ture is 2 deg. F. Now this cold vapour at low 
pressure is passed through the evaporator coil 
and extracts the heat from the surrounding air. 
Even when the air temperature is at 32 deg. F. 
it is still warmer by 30 deg. than the Freon 
vapour at 10 Ib. per sq. in., and extraction of 
heat necessary for the evaporation of the Freon 
is still possible. Thus it can be seen that the 
equipment, as a heater, has a better performance 
than as a cooler, because the total heat output is 
equal to the energy input plus the heat absorbed 
from the heat source. 

Before an investigation of the economy which 
is possible with a heat pump can be carried out, 
a theoretical analysis must be made. The object 
of this is to show the theoretical possibilities, 
limitations and difficulties with which engineers 
are confronted when using this particular system. 


CARNOT CYCLE 


The theoretically perfect refrigerator, using 
air as a working fluid, may be regarded as a 
reversed Carnot engine in which heat is absorbed 
at a temperature T. and dissipated at a tempera- 
ture of T,, where T, and T, are measured on the 
absolute scale. The operating cycle of this 
perfect refrigerator is shown on the pressure- 
volume (P-V) diagram and also on the tempera- 
lure-entropy diagram (T-4) (Fig. 2). The same 
lettering has been used for both diagrams to 
facilitate comparison. 

The cycle commences at point a, and the clear- 
ance volume of air is expanded adiabatically to b. 
During this expansion the temperature changes 
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ally to c during which process the heat necessary 
to keep the temperature constant is absorbed 
from a cold body (evaporation). Next, adiabatic 
compression takes place along c-d, which causes 
the temperature to rise to T,. To complete the 
cycle, further compression takes place at constant 
temperature, and consequently, heat is rejected 
to a hot body (condensation). 

The ideal efficiency of such a cycle (i.e., Carnot 
cycle efficiency) can easily be determined from 
the T-¢ diagram. The total heat supplied is 
represented by the area under isothermal a-d 
which is equal to T,( ¢.-¢,). The heat absorbed 
is given by the area under the isothermal c-b and 
is equal to T,{ ¢,- ¢;). 

Now work done 


total heat supplied — heat absorbed 
(T, a T.) (4, = 4;) 
Thus Carnot cycle efficiency 
work done 
heat supplied 
(T, — T,) (4 ¢,) 
T, (42 4,) 
T, — T: 
T, 

In refrigeration practice the efficiency as such 
is seldom used, since a refrigeration engineer is 
only interested in the net refrigerating effect, 
and a quantity known as coefficient of perform- 
ance (C.O.P.) is used which is defined as the 
net refrigeration effect 


(1) 


ratio of , and this is equal 
work done 
heat absorbed from a cold body 
to 
work done. 
This will become, therefore: 
T2 
. 
T_T, (2) 


In the case of a heat pump the C.O.P. is defined 


; heat available at the condenser 
as a ratio of and 

















work done 
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Fig. 3 The practical heat pump diagram approaches the Rankine cycle. The T-¢ diagram 
Son the left, and the P-H diagram is on the right. cd = compression, da — condensation, 


ab = expansion, bc = evaporation, dd' = superheating, ac' — undercooling. 
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Re-arranging this expression gives : 
sm ttete 8 .& 
T; _ Ts + Bs ~~ T: 
which shows that the C.O.P. of a heat pump is 
greater by unity than the C.O.P. of a refrigerator 
operating between the same limits of temperature. 


PRACTICAL HEAT PUMP CYCLE 


In practice, some modifications are necessary. 
The diagram (Fig. 3) shows the modified T-¢ 
and P-H cycles of a heat pump using liquid 
and vapour as a working fluid. 

At this stage it must be made clear that the 
reason for using a liquid and vapour instead of 
a perfect gas is that at predetermined tem- 
peratures latent heat allows considerable transfer 
of heat to be made, and also evaporation can 
take place at a low pressure and condensation 
at a higher pressure. 

Considering the modified cycle, as in Fig. 3, 
it will be observed that the diagrams are 
similar to the Rankine cycle using superheated 
steam, and in the writer’s opinion, the basis 
of comparison should be the Rankine cycle 
rather than the Carnot cycle. 

The pressure-enthalpy (P-H) diagram shown 
in Fig. 3 is the most usual and convenient form 
of diagram for refrigeration work, because the 
evaporation and condensation occur at constant 
pressure. Furthermore, the changes in enthalpy 
of the refrigerant during one complete cycle are 
easily determined if the conditions of the vapour 
during the various processes are known. 

The compression c-d is shown to be adiabatic. 
In practice, however, using vapour as a refriger- 
ant, the compression follows a law PV" > 


and[not PV” C, and in the case of small 
compressors using§¥Freon 12, the adiabatic 
index nm is sometimes taken as 1-15, which is 
nearer the isothermal operation. Furthermore, 
the expansion is not an exact constant-total-heat 
operation (throttling), and a small divergence 
can be observed, especially when the liquid is 
undercooled. For these reasons the efficiency 
of a practical heat pump cycle can only be about 
0-75 to 0-8 of the ideal cycle (Carnot). 

What, then, is the coefficient of performance 
that can be expected in practice? Using 
equation (3) the theoretical coefficient of per- 
formance can be found for various evaporation 
temperatures (heat source) and condensation 
temperatures (discharge). Fig. 4 shows the 
variation of the C.O.P. with evaporation tem- 
perature, assuming condensing temperatures of 
120 deg. F., 140 deg. F. and 160 deg. F. An 
analysis of these graphs shows that a high C.O.P. 
can only be obtained with high evaporative 
temperatures. 

It will, of course, be noticed that with a 
higher temperature of condensation the coefficient 
of performance becomes correspondingly lower. 


* 





Coefficient of Performance 





. wage —— 
20 # 100 120 


Evaporative Temperature ¢, Deg. F. 


(3478.0.) ENGINEERING” 


Fig. 4 The coefficient of performance varies 
with both the input and output temperatures. 
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Fig. 5 Load-efficiency curve for 4 h.p. induction 
motor. 
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Fig. 6 Comparison of theoretical and actual 

C.O.Ps. The practical value is improved if the 

heat losses of the motor and compressor can be 
usefully absorbed in the system. 


Thus it is seen that the actual (as distinct from 
the theoretical) C.O.P. of a heat pump is depen- 
dent upon suction and discharge pressure. 

This, of course, is the first complication in the 
design, since if water is required to be heated to 
say 140 deg. F., pressures in the region of 
250 Ib. per sq. in. are to be expected (using 
Freon 12). Furthermore, the heat source 
available is usually of low temperature, such as 
air, and suction pressures of 10 to 20 Ib. per sq. in. 
can be expected (which correspond to evaporative 
temperature of 2 deg. F. to 18-5 deg. F.) This 
will apply particularly in winter. However, 
even under these adverse conditions a reasonably 
high theoretical C.O.P. can be expected. 

In order to determine practical C.O.P. a 
further analysis is necessary and the mechanical 
and electrical efficiencies of a heat pump system 
must be investigated. 


PRACTICAL EFFICIENCIES 


It is very difficult to estimate the overall 
efficiency of a small compressor, since this 
quantity varies considerably with the size, type 
and make. Such information is not generally 
available, but in many cases 3 h.p., 1 h.p. or 
4 h.p. compressors may have an efficiency of 
only 60 to 70 per cent. Insufficient area in 
the suction valves will throttle the vapour in 
its return to the compressor. Too large a 
clearance is another source of trouble and this 
is particularly important in the case of the heat 
pump, where condensation is expected to take 
place at abnormally high temperatures. Further- 
more, any restriction in the delivery valve will 
require additional power and frictional losses 
may be high. 

A more definite picture can be obtained with 
regard to the electrical efficiency. The motor 
efficiency depends on the size, make of motor 


and its load, and Fig. 5 shows a typical efficiency 
curve for a 1 h.p. single-phase induction motor. 
In order to obtain maximum efficiency the motor 
must be fully loaded. 

For small powers, the electrical efficiency of 
the motors should be between 78 and 82 per 
cent. and for larger installations it should be 
slightly higher. In the case of the sealed type 
of motor compressor, which is nowadays used 
by the majority of refrigerator manufacturers, 
the overall efficiency of the drive should be used 
in the design. 

It is difficult to estimate the actual efficiency 
of a heat exchanger since many factors influence 
its performance. However, in general, an 
efficiency of 90 to 96 per cent. may be assumed 
for a well designed coil. The type of exchanger 
used depends on the basic design selected but 
good performance depends on the rate of heat 
transfer, and this in turn depends on the tempera- 
ture difference between the heating and cooling 
medium. The greater the temperature gradient, 
the better will be the heat transmission. How- 
ever, it would be wrong to make the refrigerant 
evaporate at lower temperatures, since, as men- 
tioned previously, by lowering the suction pres- 
sure the C.O.P. will be correspondingly lowered. 
It is also essential that the pressure drop along 
the evaporator coil be kept to a minimum, other- 
wise the compressor suction will be lowered, 
again reducing the C.O.P. Also with high 
frictional losses the mean temperature difference 
will be decreased, reducing proportionally the 
heat transferred by a given coil. In the case of 
air-to-air heat pumps careful consideration must 
also be given to the atmospheric conditions, 
especially humidity, and to a method of coil 
defrosting in the winter time. 


PRACTICAL COEFFICIENT OF 
PERFORMANCE 


Having investigated the various factors influ- 
encing C.O.P., the expression for practical 
C.O.P. for the heat pump can be written as 
follows :— 

Ce? C.O.P. (Carnot) x k 

my ~*~ Tp X Uy (5) 
where k = diagram factor (taking into account 
deviation from adiabatic and throttling opera- 
tions); ny mechanical efficiency (motor and 
compressor); 7, = electrical efficiency; 7, 
heat transfer efficiency. 

If, therefore, the various values for the given 
individual efficiencies are substituted, the C.O.P. 
at a chosen evaporation temperature could be 
obtained, and a curve can be plotted showing the 
variation of the practical C.O.P. for the heat pump. 
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Such a curve is shown in Fig. 6 for @ heat Pump 
using a 4 h.p. sealed-type motor compressor and 
operating at 140 deg. F. condensing ‘emperature 

Some writers regard as incorrect the expression 
of the overall efficiency of a refrigerator or a heat 
pump as a product of the individual efficiencies 
since the factors influencing the efficiency cannoy 
be clearly separated. This is true for a generaj. 
ised expression, but if the procedure is applied 
to a particular size of heat pump and the varioys 
factors are determined separately, the Overall 
efficiency can then be correctly expressed as q 
product of the partial efficiencies. The C.op 
expression must be modified if the motor heat 
losses and the compressor frictional logge, 
(appearing as heat) are utilised in the system, 
Such a motor can be regarded as 100 per cent, 
efficient, and the expression, therefore, would 
become: 

C.O.P. = Carnot C.0.P. « k & ny X ny 
. (6) 

The curves in Fig. 6 show the variation of 
practical C.O.P. for a heat pump using a } hp, 
motor-compressor and utilising the motor heat 
losses. 

In the case of heating water from cold, say 
from 60 deg. to 140 deg. F., an average C.0.P. 
must be used, and this can be found by inter. 

T, 
T, — T, 
in the limits of T x, 140 deg. F. and Tx, 
60 deg. F., and finding the average ordinate, T, 
being the variable quantity. 


Average C.O.P. 


l ' Tx 
Tx, — Tx: |. Pht Seat “ 
4 [ Ts ] ioe, Tx, — T, 
ot Xe T x2 T x, — T, 
(7) 


If the ambient temperature is assumed to be 
40 deg. F., then the average theoretical C.0.P. 
i}, 

The average practical C.O.P. for these condi- 
tions will be approximately 4. This is quite good, 
and a heat pump utilising low-grade heat from 
the atmsophere seems to be an economical pro- 
position. However, from a_ thermodynamic 
point of view, to ensure good C.O.P., considera- 
tion must also be given to superheating and 
undercooling of the refrigerant. 


SUPERHEATING AND UNDERCOOLING 


The diagram in Fig. 7 shows a practical cycle 
for a heat pump which is used for water heating. 
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Fig. 7 Complete P-H diagram for a heat pump using Freon 12. 
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fig. 8 Combined water heating and space 
cooling system for a fairly large installation. 
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Fig. 9 Space heating and air conditioning plant 
for a building. 


The heat removed from the air by an evaporator 
is shown by distance BC, the heat available 
at the condenser is denoted by DA, and CC’ is 


work done by the machine. The ratio of A 


Cc 
is the C.O.P. of the unit. 

It must, of course, be realised that the above 
cycle represents one set of working conditions 
only. (In this case the condenser pressure was 
230 Ib. per sq. in.). The same diagram shows 
that if point D is moved to the right, i.e., if the 
refrigerant leaves the compressor in a superheated 
condition, then the heat at the condenser; and 
the work of compression will both be increased, 
Heat to condenser Sti 

which is 


Heat to compression’ 
the C.O.P., is lowered. 

The effect of superheating can be explained in 
the following way. Due to temperature rise in 
the cylinder head, condenser pressure will 
increase, and, as shown previously, the increase 
of head pressure lowers the C.O.P. In practice, 
20 deg. F. superheat will reduce a C.O.P. of say, 
3-5 by approximately 1-5 per cent. 

Superheating is very common in refrigeration 
Practice, and in the case of an hermetically 
sealed motor compressor it is almost always 
Present, since the refrigerant vapour passes 
over the hot motor windings. It must also be 
mentioned that if an installation uses a thermo- 
statically-operated expansion valve, at least 8 
to 10 degrees of superheat are required in the 
evaporator for the valve to operate satisfactorily. 

If point A in Fig. 7 moves to the left and 
passes across the liquid line, the refrigerant will 

undercooled. In this case the heat at the 


but their ratio, i.e., 


Condenser will be increased without any change 
in the work of compression and consequently 
the C.0.P. will be increased. 


In the case of any heat pump, provision for 
undercooling must always be made, not only 
because of increased efficiency but because with 
a high-temperature liquid throttling is not 
satisfactory, and defrosting can be observed. 
In practice there are two ways of undercooling: 
by using an external fluid; or by using the 
refrigerant vapour. 

The first method is the more efficient but 
requires the installation of a special heat 
exchanger between the condenser and _ the 
expansion valve. The second method is less 
efficient but more practical, and the usual way is 
to precool the liquid using cold gas at the outlet 
of the evaporator. This precooling of the liquid 
serves automatically to preheat the low pressure 
vapour, and the heat lost by the precooled 
liquid is equal to the heat gained by the super- 
heated vapour. 


PRACTICAL DESIGN 


After this theoretical analysis consideration 
must be given to the possibilities of adopting the 
heat pump in the home for space and water 
heating. Water heating seems to be the more 
difficult case and it will be considered first. 

It was shown by the curves and also by the 
pressure-enthalpy diagram that the heating up 
of the water will vary the condenser conditions 
and the evaporator conditions will vary corres- 
pondingly but not proportionally. 

However, the problem is more complicated 
than it looks. In order to obtain a water 
temperature of 140 deg. F., high pressures must 
be used. As already mentioned, a pressure of 
about 250 Ib. per sq. in. can be expected when 
using Freon 12. Furthermore, serious thought 
must be given to the other problems closely 
related to the design of a heat pump, such as: 

(a) Source of heat, whether air, water or 
ground; (b) Climatic conditions, which are far 
the most important in design problems, since 
they will determine the heating and cooling load 
required, and to a large extent the practicability 
of any given heat source; (c) Whether dual 
purpose, i.e., cooling and heating is required in 
the same installation; and (d) Whether heating 
is required continuously or only occasionally. 


Some of these problems require very careful 
consideration. If economy is essential, the dual- 
purpose heat pump would be best. There are, 
however, quite a few other problems which 
present themselves when the requirements of a 
dual-purpose domestic unit are considered; one 
is the effect of the seasons of the year upon 
the refrigerating. and heating requirements of 
the installation. During cold weather the heat 
produced will be of more importance than the 
refrigeration, and the opposite will be the case 
on hot summer days. To make matters worse, 
consider the case of a family vacating a house 
for the weekend during hot weather. No heat 
or hot water whatsoever would be used, yet full 
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refrigeration would be required; consequently 
some form of “ heat-leak ” would be necessary. 
The designer is, therefore, confronted with a 
number of problems which are new to refrigera- 
ting and heating practice. That there is a 
solution is certain and already two firms are 
mass producing small water-heating units in this 
country and very shortly more will enter this 
field. In the case of small heat pumps, air is 
used as the source of heat or, more precisely, the 
heat pump is placed in a larder and the whole 
space is changed into one large refrigerator. The 
heat collected is utilised to heat the water 
and in each case heat leaks are incorporated. 
The Brentford Electric Duo-Therm heat pump 
is fully automatic and a special valve controls 
the radiator; in the case of the Ferranti Fridge- 
Heater, excess heat is dissipated by removing 
a portion of lagging from its auxiliary water 
cylinder. The diagram in Fig. 8 shows a 
larger heat pump installation used for water 
heating and space cooling. 

In the case of sets used for space heating, 
considerable progress has been made during the 
past few years, and various firms are working on 


prototypes. One or two units are already on 
the market. One such air-to-air unit is shown 
in Fig. 9. Cooling in the summer is obtained by 


simply reversing the refrigerant flow and Figs. 
10 and 11 show the schematic operation of such a 
system using hand operated or automatic valves. 


SPACE-HEATING PERFORMANCE 


The C.O.P. of space-heating units is dependent 
upon the source of heat available and the 
method of heat transfer employed. If hot air 
is used a higher C.O.P. will be obtained than with 
hot-water radiator systems. Also, proper air 


6 
<}- 












Outdoor 
-Coil 











<7 J wane 

ae | AA Expansion — 

— a ya ? Valve = 

ina C umpressor ] saat 
2 3 


4 


Heating Valves 1, 3,5, 7, Open 


Cvuoling Valves 2,4,6,8, Open 
(3478 «) ENGIVERRING” 


Fig. 10 Valve system using hand operated valves 

for giving either heating or cooling. For heating, 

valves 1, 3, 5 and 7 are opened and for cooling, 
2, 4, 6 and 8. 
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Fig. 11 Alternative heating and cooling system employing an automatic magnetic valve. 








TABLE I. 


COMPARATIVE COSTS OF REFRIGERATION AND WATER HEATING 





Calorific value 


Type of appliance of fuel 


Heat pump a va os — 
Immersion heater 
Anthracite boiler .. 





per lb. | 
500 B.Th.U. | Is. 


Gas geyser 
per cub. ft. 


therm 


ld. per kWh | 
“3 — ld. per kWh 
.| 12,500 B.Th.U.| 180s. per ton | 70 


Running costs per day Total renning 


costs 
(per day) 


Assumed 
efficiency, —————-~—- 7 


per cent. 


Refrigerator Water heater 


C.0.P. 2°8 
100 


8d. per | 75 








TABLE II. Comparative Costs oF SPACE HEATING 





Type of appliance | of fuel 





Heat pump .. e a oe Ne al — 
Electric resistance heaters . . ‘ ph ‘ | —_ 
Gas boiler a. " 500 B.Th.U. 
Oil unit 
Anthracite boiler 


per Ib. 
Coke boiler 11,800 B.Th.U 


| perlb 
! 


conditioning will be possible only in the case 
of air-to-air units. 

If we assume that the outside temperature will 
decrease uniformly during the night, from 
Tx, 40 deg. F., to Tx. = 20 deg. F., and hot 
air will be discharged at say 80 deg. F., then the 
average C.O.P. will be given by: 


I = ° 9%, 
i x 
Tx,—Tx |. ts" 


the solution of which is 
7, lo T, —Tx, 

Tx,— Tx, be T,-—Tx 
For the above conditions its value will be approxi- 
mately 11, and a practical average C.O.P. for a 
3 h.p. unit could be as high as 4to 5. Assuming 
that a 3 h.p. unit consumes | kW per h.p. then 
the output of such a unit would be over 12 kW/hr., 
sufficient to heat a house of some 1,200 sq. ft. 


ECONOMY 


In order to appreciate the economy which is 
possible with a heat pump installation, a particular 
case has to be considered, and a house having 
1,200 sq. ft. floor area has been chosen for this 
purpose. This particular house has a water- 
heater cum larder-cooler heat pump and an air- 
to-air space heating unit. 

For a water-heater heat pump a reasonable 
average C.O.P. would be 2-8 for a } h.p. unit. 
The power consumed by such a unit would be 
between 300 and 350 watts per hour, i.e., 8d. 
per day—assuming continuous running and 
electricity at Id. per unit. To give an overall 
picture of the efficiency and economy of the 
heat pump as compared with other appliances 
giving the two basic services, i.e., hot water and 
refrigeration, Table I has been computed. 

A comparison of the operating costs of a heat 
pump used for space heating with a conventional 
system is very difficult as the standard of heating 
varies with different types of heating appliances. 
However, Table II depicts the cost of heating a 
house requiring 20,000 kW heating load per one 
heating season. The C.O.P. of a heat pump 
has been assumed to be 4. 

The two Tables are self-explanatory and show 
clearly the running economy which is possible 
with heat pump installations. It must not be 
forgotten that heat pumps have other advantages 
and, as already mentioned, not only can they 
provide heating and cooling, but can filter the 
air, provide ventilation and humidity control, 
and achieve the ideal in cleanliness, compactness 
and quick response to changes in temperature 
requirements. However, the basic disadvantage 
of a heat pump is its high initial cost but if there 
is taken into account the cost of building 
chimneys, providing boilers, stoves, fire-places, 
coal bunkers, hot-water cylinders and lagging, 
and also the refrigerator, it can be shown that 


(8) 


Calorific value 


cub. ft. 
18,000 B.Th.U. 

per Ib. 
12,500 B.Th.U. 


Approximate 

running costs 

(per heating 
season) 


Assumed 


Cost of fuel | efficiency 


| 
d 
| Id. per kWh 8 
ld. per kWh 4 
per | Is. 8d. per therm | 0 
0 
6 
6 


ls. 3d. per gallon | 


| 180s. per ton | 

| 
| 140s. per ton 
| 


the unit is able to be compared very favourably 
with the more conventional heating system. 

It does seem to be generally believed that 
heat pumps will soon become extremely popular 
and that some 50,000 units will be in operation 
within the next six years. In the U.S.A. for 
example, during 1955, the sale of heat pumps 
jumped to double the number of units which 
had been in operation until then. By their use 
not only is there a saving in running costs and 
domestic use of high grade coal, but there will 
also be a cleaner atmosphere and improved 
comfort in the home. 
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CONCLUSION 


Many developments remain to be made in ths 
fascinating method of heating and the time 
will come when the old draughty house With its 
traditional fire place will vanish, and there will 
be no more roasted shins and frozen 
Economic circumstances alone make the heat 
pump a “ must ” and there is no doubt that the 
traditional method of heating is already op its 
way out. Heat pumps will initially 
the conventional means of water heating: late, 
they will provide central heating and air cop. 
ditioning. The new appliance which a few years 
ago was not even imagined, will be accepted a, 
part of modern life. 


The Beaver Report (Report of the Committee 
on Air Pollution) has indicated the urgent tas 
of ending smog, which is so costly to the nation 
Further, at least one-third of our coal, roughly 
63,000,000 tons per year, is used for domestic 
heating. There is, therefore, a clear justification 
for the industry to develop heat pumps, It js 
in the national interest that such heat appliances 
should be developed, since with them, the fuel 
situation could be vastly improved, the atmos. 
phere cleared and the standard of comfort in 
the home increased. 


(Among earlier articles dealing with heat pumps 
which have been published in ENGINEERING 
are:— 


** The Norwich Heat Pump,” page 116, vol. 164, 
1947. 

** Fuel and Power Economy with Special Reference 
to Heat Pumps” pages 285 and 309, vol. 166, 1948, 

‘** Heat Pump for Small Office,” page 95, vol. 169, 
1950. 
‘“*Gas Driven Heat Pump at the South Bank 
Exhibition,” page 741, vol. 171, 1951. 

“* Small Heat Pumps,” page 750, vol. 178, 1954. 

‘** Central Heating by Heat Pump,” page 4339, vol, 
179, 1955.) 


PRODUCER GAS FOR ROAD 
TRANSPORT 


RESULTS OBTAINED 


During the last war, one of the alternatives to 
petrol for the propulsion of road vehicles was 
producer gas and before the war ended, over 
3.000 vehicles in this country were equipped for 
the use of this fuel. In reports published by the 
Ministry of Fuel and Power* and the Ministry of 
Transport and Civil Aviation, details are given 
of a series of tests carried out on four vehicles, 
with particular reference to those fitted with 
compression-ignition engines. The aim of the 
reports is to consolidate present knowledge and 
stimulate interest in the use of fuels such as low- 
grade coals, lignites, peat, wood, sawdust, char- 
coal, bagasse, coconut shells and groundnut, rice 
and cotton-seed husks—all of which can be 
satisfactorily burnt in the producer. The work 
was carried out jointly by the two Ministries 
and the Fuel Research Station. 


PRODUCER PLANT 


The vehicles used were (1) a 14 h.p. Vauxhall 
private car; (2) a 5 ton Bedford lorry; (3) a 10 ton 
A.E.C. Mammoth Minor lorry; and (4) a double- 
decked bus. The first two had petrol engines 
with standard spark ignition, and the others 
were each fitted with 7-7 litre A.E.C. Diesel 
engines. The first stage was obviously to develop 
a producer plant, and the final form is shown 
on the opposite page. This shows the diagram- 
matic layout of a plant for Diesel engines. It is 
basically similar to that developed for agricul- 
tural tractors. The main components are a 
hopper for the fuel. a pre-heater or heat exchanger, 
gas-cooling tubes, a water washer or irrigator and 


* Producer Gas for Road Transport, Ministry of 
Fuel and Power, Information Branch, Thames House 
South, Millbank, London S.W.1. 


WITH COMPRESSION-IGNITION 
ENGINES 


a slag-wool filter. Operation is by the pressure 
drop in the induction manifold when the engine 
is running, which draws air through a water 
carburettor. The water taken up is vaporised 
in the heat exchanger and air/steam mixture 
passes into and through the fire bed. A cross 
up-draught flow is used. The resulting producer 
gas (largely a mixture of carbon monoxide, 
hydrogen, methane, carbon dioxide and nitrogen) 
gives up most of its heat in the heat exchanger, 
and then is further cooled, washed and filtered 
before entering the mixing valve or chamber. In 
this a sufficient quantity of air is added to forma 
combustible mixture which is then fed to the 
engine. The equipment is mounted on a two 
wheel trailer and its weight is about half a ton. 


ENGINE CONVERSIONS 


To compensate partially for the reduced 
volumetric efficiency and the lower calorific value 
of producer gas, conversion of a spark-ignition 
engine should include an increase in compression 
ratio. This is hardly practicable owing to the 
cost and also to the fact that the engine must 
initially be started on petrol. Consequently 
only about 50 per cent. of the normal engine 
power can be developed. ] 

On the other hand, with the compression- 
ignition engine the alterations are less compli- 
cated, the automatic gas/air mixing valve makes 
driving easier and effects a saving of more than 
half the fuel oil, though some is still required to 
give proper combustion. Under these conditions 
it is quite possible to obtain full power from the 
engine. 

As producer gas burns comparatively slowly, 
the injection timing of the fuel pump has to be 
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Diagrammatic layout of producer plant for Diesel engine vehicles. 


advanced: usually to about 32 deg. before top 
dead centre. The fuel pump has also to be 
modified to give full injection for starting-up 
and part injection for running. Some adjust- 
ment to the governor fly-weights may also be 
needed. Full details of these modifications are 
given in the report. Some trouble was experi- 
enced in the early stages due to corrosion of the 
aluminium-alloy body of the gas/air mixing 
valve, but this was overcome by pivoting the 
butterfly in a phosphor bronze sleeve. 


ON THE ROAD 


The second stage of the test programme was 
a series of road trials with the four vehicles. 
The 14 h.p. car did not prove a very suitable 
subject as the small bore engine, limited by the 
reduced power from the producer gas and 
hampered by the half-ton trailer, did not give 
good running results, although the cost of opera- 
tion, in pence per mile, was very slightly 
less than when running on petrol. After 
about 1,500 miles of running the tests on this 
vehicle were abandoned. The 5 ton Bedford 
lorry proved completely satisfactory, covering 
over 6,000 miles during a period of eight weeks 
including a long distance run of 200 miles. 

The Mammoth Minor lorry and the double- 
decked bus were both fitted with larger fuel 
hoppers than the car and the Bedford lorry 
(21 in. diameter as against 18 in.) which held 
500 Ib. of anthracite. This quantity was sufficient 
for a 200 mile run, and indeed the bus completed 
a journey of 244 miles (Leatherhead-Southamp- 
ton- Brighton - Eastbourne- Leatherhead) at an 
average speed of 20 m.p.h. before poor quality 
gas stopped the test. Both vehicles ran for over 
6,000 miles, fully loaded, and the bus was also 
tried out under service conditions by “ tailing ” 
a bus on its normal route. The timetable was 
maintained and the performance compared well 
with the service bus, in spite of the fact that the 
latter had a 9-6 litre engine. 

Assuming that anthracite costs £8 17s. per ton, 
petrol 4s. 6d. per gallon and Diesel oil 3s. 9d. 
per gallon, comparative costs in pence per mile 
were as shown in the accompanying Table. 

Experience has shown that as far as possible 
conversions to producer gas should be confined 
0 compression-ignition engined vehicles. A 
simple automatic advance for injection timing is 
desirable which would improve power output 
Over the speed range of the engine, damp out 





Comparative Fuel Costs, Converted and Unconverted Vehicles. 
Total fuel Bea eee 
Total cost with ae ge 
_ distance, | producer a eprton 
miles gas, pence ae 
per mile _— 
Vauxhall 14-h.p. car 1,550 1-96 2-0 
Bedford 5 ton lorry vs 6,097 2-64 3-5 
Mammoth 10 ton lorry . 6,006 3-96 5-3 
Double decked bus— 
(continuous) 244 3-33 3-2 
(service) ; 43 5-62 4:1 


rough running at slow speeds and curtail smoke 
emission at high speeds. Details of the tests, 
including costs and hill climbing performance, 
are given in appendices to the reports. 


GENERAL SERVICE 


The third stage of the tests consisted of more 
road work in which the vehicles were used on 
normal operational journeys in the hands of staff 
usually engaged on such work using unconverted 
vehicles. The report is written from the opera- 


* 


CLAMPS WITH 
BUILT-IN PACKING 


‘* Staircase’ Provides Variation 


Now being marketed by the Rockwell Machine 
Tool Company, Limited, Welsh Harp, Edgware- 
road, London, N.W.2, are the adjustable work 
clamps shown in the illustration. They are 
available in 16 sizes for workpieces ranging from 
13? in. to 154 in. in height and for three basic 
sizes of T slot ranging from ~ in. to 4 in. 
nominal size. To allow for clamping work- 
pieces of any size within their range of capacity, 
a helical ‘‘ staircase’ has been cut on the back 
edge of the body so that the clamping member 
can remain approximately horizontal at any 
height; the lower end of the clamping member 
rests on the steps of the staircase. A com- 
pression spring on the bolt facilitates height 
adjustment. The clamps are made from high- 
grade spheroidal cast iron and the bolt and nut 
from heat-treated steel. Their use renders loose 
packing pieces unnecessary. The clamping 
strap is reversible through 180 deg. so that either 
the cranked or the flat end can be used. 


tor’s point of view and contains much information 
on the running of the vehicles and on starting 
techniques, The Bedford lorry was considered 
** sluggish *’ by most of the drivers but after a 
total mileage of 29,720 (of which 15,519 were on 
producer gas) the cylinder bores were found to 
have worn at the rate of about 0-001 in. per 1,722 
miles. Big-end bearings were renewed twice 
during the period and after 22,000 miles the 
tuyere burnt out due to blockage of the cooling 
circuit. 

The Mammoth Minor lorry covered an addi- 
tional 14,404 miles on producer gas and 1,639 
miles on liquid fuel. Cylinder bore wear 
averaged 0-001 in. in 1,330 miles, which was 
considered high. The double-decked bus had 
covered 6,100 miles during the stage 2 trials 
without any major trouble and in stage 3 com- 
pleted another 11,200 miles under simulated 
service conditions. In this case the cylinder 
bore wear was only 0-001 in. for 7,063 miles 
and the condition of the engine at the end was 
very good. 





The ‘‘staircase’’ cut on the clamp body elimin- 
ates the need for packing pieces, and allows one 
clamp to be used for a wide range of workpieces. 
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Book Reviews 


INTER-FIRM COMPARISONS 


Productivity Measurement. Vol. II: Plant Level 
Measurements, Methods and Results. Prepared 
by JEAN CARRIE. Project No. 235 of the 
European Productivity Agency. Organisation 
for European Economic Co-operation, 2 Rue 
André-Pascal, Paris 16, France. (500 francs.); 
and H.M. Stationery Office, Kingsway, London, 
W.C.2. (10s.) 


Since the late Dr. Rostas startled British econo- 
mists and industrialists with his comparative 
figures of British, German and American produc- 
tivity, increasing attention has been paid to the 
measurement of growth of manufacturing output, 
chiefly in terms of the labour time employed. 
The European Productivity Agency has com- 
menced the publication of a series of reports on 
productivity measurement, of which the first 
volume dealt with the principles on which such 
measurement is based, while this, the second 
volume, deals with direct measurement within 
individual firms. It both describes the methods 
that can be employed and gives some compara- 
tive results between different firms and different 
cuuntries. 

Experience in this field is relatively new, and 
has been greatest in the United States where 
studies of this kind have been carried out for a 
number of years by the Bureau of Labor 
Statistics, although in this country inter-firm 
comparisons in the cotton industry were made 
as long ago as 1945, by the Shirley Institute. 
Similar studies have also been made by the Boot, 
Shoe and Allied Trades Research Association. 
Other countries have done similar work in such 
diverse fields as paper, building, foundries, drop 
forging, food canning, cigar making, shirt 
making, bicycles, small tools, rubber and general 
engineering. 

There are a number of difficult problems 
in studies of this kind, the most essential being 
the selection of the units, both of output and of 
factors employed, unless simple cost comparisons 
are used. Most studies are limited to measure- 
ments of output in terms of the labour time 
required to produce it. In some cases, com- 
parison is made of a representative sample of 
firms in different countries, but if it is required 
to make inter-firm comparisons within an 
industry, the fullest co-operation of the industry 
as a whole is needed. The problem then arises 
of ensuring comparisons based on an equivalent 
composition of output in terms of products. 
This can be done if the firms all have similar 
overall outputs, or by dividing the firms into a 
number of groups each with a similar mixture of 
products, or by measuring output at a number of 
similar stages of production. When comparing 
firms making different products, statistical 
methods involving the weighting of the data may 
be employed and examples of this method are 
given from different industries and countries. 

It is emphasised that productivity measure- 
ment is not just an intellectual pastime, for the 
results are of value to all concerned with economic 
or technical questions, whether they be suppliers 
of machinery, research centres, trade associations, 
trade unions or Government departments. 

Six examples are given of the factual results 
of the use of productivity measurement at the 
plant level. These include the stimulation of 
individual firms to raise their productivity 
relative to an industry as a whole; the fixing of 
targets which can be reached by all firms without 
alteration to machinery; deciding which matters 
require particular attention; measuring the 
progress made by the introduction of new 
machinery; and facilitating the preparation of 
production plans and costing, and the stan- 
dardisation of accounts, to enable the working 
of the firm to be observed, both from the financial 
standpoint and from that of commercial and 
industrial efficiency. 

When trying to make comparisons between 
different countries even greater difficulties occur 
than when making inter-firm comparisons. 








The only industries in which this has been done 
are the boot and shoe industry, the cotton 
spinning industry, the foundry industry (in 
Belgium, France, the Netherlands and the U.K.), 
the brick industry and the shirt industry. Inter- 
esting examples from the boot and shoe, shirt, 
and cotton industries are given. It would appear 
from these studies that the most valuable method 
from the manufacturers’ point of view is that 
in which comparisons are made of the efficiency 
of particular operations or stages in the produc- 
tion process. These are likely to be easier to 
make with accuracy and the results could indicate 
the directions in which improvements are most 
urgently required. This method is, however, 
of most value in mass production and, so far, 
little appears to have been done in the heavy 
industries. 


RUNNING FREE 


Bearing Lubrication Analysis. py RR, R. 
SLAYMAKER. John Wiley and Sons, Incor- 
porated, 440 Fourth-avenue, New York 16, 
N.Y., U.S.A. (5 dols.); and Chapman and Hall, 
Limited, 37 Essex-street, London, W.C.2. 
(40s.) 

This book is described on the dust jacket as a 

practical review, although much of the treatment 

is theoretical. Following the introduction, there 
is a rapid review of viscosity, concentrating on 
the American Saybolt system and its relation to 
the centipoise scale. Mention is made of the 

S.A.E. classification and of V. I.; in addition, a 

value for specific heat is given. 

In a subsequent section, Reynolds’ equation 
for the infinite bearing is derived and applied 
to journal bearings. The resulting equation is 


STABILITY 


The Theory of Hydrodynamic Stability. By 


Cc. C. Lin. Cambridge University Press, 
Bentley House, 200 Euston-road, London, 
N.W.1, (22s. 6d.) 


The first problem considered in this book is that 
of stability of flow of a viscous liquid between 
two long concentric cylinders each rotating with a 
constant angular velocity. This is a_ well- 
chosen starting point, for in this case simple and 
definite conclusions have been drawn from 
theory and have been confirmed by G. I. 
Taylor’s striking experiments. 

The usual formulation of the stability equa- 
tions is straightforward, and the equations are 
simple, at least when they are compared with 
those governing the general motion of a viscous 
liquid. In basic steady flow each particle of the 
liquid moves in a circle about the axis of the 
cylinders with an angular velocity w, which is a 
simple function of the radius r of the circle. The 
equations for the component velocities of a 
slightly disturbed motion are linear with coeffi- 
cients that are functions of r only; they can be 
solved formally by the assumption of a sym- 
metrical disturbance in which each component 
is the product of a function of r, a simple 
harmonic function of distance along the axis 
with wave-length A, and of an exponential 
function e* of the time. The condition for 
a non-zero solution determines o as a function 
of A and of the Reynolds number R, and an 
interesting argument, given in Chapter 4, makes 
it likely that ¢ is always real. There is then 
instability if ¢ > 0 and stability if > <0. In 
the critical case o = 0, the disturbed motion, like 
the basic flow, is steady, so that there is not a 
unique steady solution of the general equations 
of viscous flow. 

Although the formulation is straightforward, 
the determination of ¢ is difficult; there is an 
attractive account in Chapter 2 of various lines 
of attack. In the simplest case R,, the radius of 
the inner cylinder, is only just less than Rg, 
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credited to Harrison and not Sommerfeld, 
integration is performed assuming £ ommerfelg’ 
conditions and without questioning their yalig; 4 
Dennison’s results (1936), however, are useq for 
the numerical values of eccentricity against Joag 
criterion, which is given in mixed units. More 
recent and much more complete work, Published 
in England and Germany, is not mentioned, 
much seems to have been omitted that could have 
been included within the space allocated by the 
author that a very distorted view is given of the 
problems and of recent advances in the subject 

In a chapter on temperature rise, the author 
restricts himself to the bearing with a complete 
circumferential central groove, and assumes that 
all the flow is due to the axial flow of the ojj 
The pumping action of the bearing itself as 
factor in the quantity of oil flowing is entirely 
neglected. This sort of analysis may be all right 
for a small class of bearings, as used in some auto. 
motive applications, but it should be realised 
that its use is very, very, limited. 

In a discussion of sleeve bearings, the volume 
of oil flow due to the pumping action of the 
bearing is considered in one section only. The 
author arbitrarily decides that a quarter of the 
swept volume is effective. The remainder of the 
chapter considers a practical problem with ring 
oiled bearings. 

Dealing with bearing metals and construction, 
the author brings in practical experience. Most 
of the data is printed by courtesy of the Cleveland 
Graphite Bronze Company. The final chapter 
considers briefly some of the problems associated 
with sintered metal bearings. 

The main part of the book is based on such 
sketchy theoretical foundations that it must all be 
checked with recent work. Only one non- 
American source is listed in full, and that is 
clearly not used or it would have markedly 
altered the treatment in the theoretical chapters. 
The use of the book is to show some of the 
materials used in American practice. The 
theoretical sections should be mainly discounted. 


IN FLUIDS 


and Q,, Q2, the angular velocities of the cylinders, 
are nearly equal. There is then a single equation 
to be solved and a single parameter T to be 
determined; one factor in T is the mean value of 
w, another is (R2/R, — 1)‘. There is a close 
relation between the problem in this form and 
that of the convective motion of a heated liquid; 
problems like the latter, with recent work on the 
effect on stability of magnetic fields, are discussed 
in Chapter 7. If the cylinders rotate in opposite 
directions the simplifying assumption _ that 
w is a linear function of r has been made by 
D. Meksyn, who has made important advances 
in this and similar problems by using asymptotic 
solutions. Mathematical features of interest, 
particularly in the choice of these solutions, are 
examined in Chapter 8. 

Further results have come from a more general 
approach, not involving the detailed solution of 
the equations; the simplest of these, due to 
J. L. Synge, is that there is necessarily stability 
if R70, i. R.?Q.. F 

There is a sharp contrast between this motion 
and the limiting case of flow between parallel 
planes which is discussed in Chapter 3. The 
presence of the factor (R./R, — 1)‘ in the pare 
meter T above is enough to show that there is 
no exact counterpart of the steady disturbed 
motion as R,R, > 1. An argument due 0 
H. B. Squire has shown that only a two-dimen 
sional pattern of disturbance need be considered, 
so that there is a formal similarity between the 
two problems; but the plane problem has proved 
on the whole more difficult. For a given wave 
length (below a certain limit) there is now 
instability in a definite range of values of R 
Hence there is stability if R is small enough 
(as is the case with high viscosity) but also forall 
values of R greater than a certain value. 
case of a perfect liquid is approached as R tends 
to infinity, and Rayleigh has shown that a perfect 
liquid with the same velocity distribution as the 
basic flow is stable; this agrees with the com 
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dusion for viscous flow. But it may be said 
that viscosity is a cause of instability, though the 

i effect of viscosity is to disperse inequali- 
ties in the flow; for the passage from stable to 
unstable conditions can be made by increasing 
the viscosity. A physical explanation of this 
significant result is given in Chapter 4. _ 

More complicated problems of stability, the 
simplest of them being the Blasius flow past a 
flat plate, are considered in Chapters 5 and 6. 
In these problems flow is not simple and is only 
approximately parallel, while the effects of 
curvature, of compressibility and of heating and 
suction at the boundary are analysed. A clear 


and critical account is given of the simplifying 
assumptions and methods of approximation 
that are evidently necessary in these problems. 

Professor Lin has made an orderly and 
comprehensive survey of a branch of hydro- 
dynamics which is of particular interest in both 
its theoretical and practical aspects, and to which 
his own contribution has been substantial. His 
list of over 200 references, many of them to recent 
papers, shows the attention that the subject 
has attracted, and the lines of future develop- 
ment he has suggested (on pages 31, 71, 97, for 
example) is likely to stimulate interest still 
further. 


GETTING THE MOST FROM 
STRUCTURES 


The Steel Skeleton. Vol. 2: Plastic Behaviour 
and Design. By J. F. BAKER, M. R. Horne, 


and J. HEYMAN. Cambridge University Press, 
Bentley House, 200 Euston-road, London, 
N.W.1. (63s.) 


Most building frames are designed to conform 
with the requirements of the “ simple-design ” 
basis of B.S. 449: The Use of Structural Steel in 
Buildings. These requirements are simple, but 
bear little relationship to the true behaviour of 
steel frameworks. In order to achieve greater 
economies, permissible stresses have been succes- 
sively increased and assumed loadings steadily 
reduced. 

Whilst there is as yet no indication that these 
modifications lead to unsafe structures, it is 
desirable that the design of steel structures should 
at some stage be put on a rational basis, with a 
realistic and clearly defined margin of safety. 
An attempt to develop a suitable elastic design 
method was made by the Steel Structures 
Research Committee of the Department of 
Scientific and Industrial Research, and an 
account of the work, with the final recommen- 
dations, was included in volume 1, The Steel 
Skeleton, by Professor J. F. Baker, published in 
1954. The proposed design method, included in 
the Committee’s final report in 1936, was received 
with no great enthusiasm by designers. The 
drawing-office work was greater than that needed 
when using the simple-design method and the 
economy in materials was often negligible. 

The task of evolving a rational method of 
design which can compete successfully with the 
simple-design procedufe is formidable; but 
Professor Baker has shown that this task is simpli- 
fied if the design is related to collapse of the 
structure, allowing for the effects of plasticity at 
critical sections. Single-storey structures of the 
portal type can already be designed on a plastic 
basis more economically than if the conventional 
method is used. A few multi-storey buildings 
have also been designed according to the plastic 
theory, although a general design method for 
such structures has yet to be developed in an 
attractive form for designers. 

_The most outstanding research into the beha- 
viour of steel structures in the plastic range 
is that made during the past twenty years by 
Professor Baker and his colleagues, first at Bristol 
University and later at Cambridge. A record 
of this work is now published in volume 2 of 
The Steel Skeleton: Plastic Behaviour and Design. 
In the authorship of this volume, Professor 
Baker is joined by Dr. M. R. Horne and Dr. J. 
Heyman, both of whom have been members of 
the Cambridge team for the last ten years. 


It is clear, from the steady and careful progress, 
now recorded, that Professor Baker has con- 
stantly kept in mind the need to deal with all the 
difficulties which would confront the designer 
who wished to use plastic theory as a design 
basis. After several years of patient research, 
there was, by 1948, sufficient evidence available 
on the plastic behaviour of steel structures to 
Justify an attempt to produce design rules for a 
limited range of structures. A group of engineers 
and designers joined the Cambridge team in a 
series of visits, during which a theoretical study 


was made of the behaviour and design of rectan- 
gular portals. As a result, a graphical method 
for the design of portals was developed. 

In the experimental verification of the plastic 
theory, a technique was developed of fabricating 
and testing miniature frames with members of 
rectangular cross-section about 4 in. wide and 
4 in. to } in. deep, with spans of the order of 
4 in. For each new form of structure, a series 
of such miniature frames was tested, followed 
by a limited number of tests on full-scale struc- 
tures. 

The collapse loads of continuous beams and 
single-bay portal frames can now be determined 
by intuitive procedures, aided sometimes by 
graphical methods. For more complex structures, 
more general methods are necessary and the 
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authors have devoted two excellent chapters to 
the fundamental theorems of plastic behaviour 
and general methods of analysis. Of these 
methods, the plastic moment distribution method 
is of particular interest, since it has many 
similarities to the well-known moment-dis- 
tribution method for the analysis of elastic 
frameworks. 

Considerable attention is devoted to the 
stanchion problem. The record of the research 
into the behaviour of stanchions and of the 
attempts to develop a theory to explain the 
behaviour makes fascinating reading. For multi- 
storey structures the problem has not yet been 
finally resolved. However, two design methods 
have been chosen for special study. In one, 
the stanchions are designed to collapse by plastic 
buckling, while the beams remain entirely 
elastic. In the other, it is assumed that plasticity 
is confined to the beams, the stanchions being 
designed elastically. The authors observe that 
“anything approaching a general method of 
design seems far away.” 

The book concludes with an _ informative 
discussion on load factors and some remarkable 
accounts of the use of the plastic theory in the 
design of war-time shelters. 

Professor Baker, in the preface to this volume, 
states that “‘ the attempt has been made to present 
a picture of the research rather than a text-book.” 
The picture is complex, but each part is explained 
by the authors in a straightforward, simple 
style that should appeal both to the practical 
engineer and to the research worker. The 
book will undoubtedly become a classic, and a 
necessary reference book for all steelwork 
designers and others interested in the behaviour 
of steel structures. 


ELEMENTS OF WORKSHOP PRACTICE 


Higher National Certificate Workshop Technology. 
By T. Nutra. English Universities Press, 
Limited, 102 Newgate-street, London, E.C.\. 
(30s.) 


The comprehensive title of this book gives the 
impression that the reader will find a wide range 
of workshop processes, This is hardly the case. 
Broadly, the book contains three main sections, 
on metallurgy, machine tools, and gear cutting. 
So far as metallurgy is concerned, the treatment 
of the subject matter is probably adequate for 
the purpose for which the book is intended, but 
there would appear to be some unexplained 
statements of fact, which, if submitted as answers 
to the corresponding questions contained at the 
back of the book, would probably not be accepted 
as sufficient by most examiners. 

The illustrations are, in general, clear and well 
reproduced, but their captions leave some- 
thing to be desired, particularly since the 
reference is not always on the same page. For 
example, one illustration is said to show the 
structure of a steel casting, whereas it actually 
depicts the “* as cast ’’ structure of a steel casting, 
while another is simply labelled ** 0-52 per cent. 
carbon steel” and is a composite photograph, 
this fact being made known in the text on a 
separate page. 

The next section constitutes a fair portion of 
the book, and this in itself serves to indicate the 
important part the machine plays in the work- 
shop. While the purposes of the machines are 
aptly described, it seems that the section is 
largely a catalogue of the machine tool manu- 
facturers’ descriptions of certain classes of well- 
known machines. Unfortunately, the text does 
not include a critical examination of the different 
types, nor does it contain much information 
regarding their performance—details which the 
discerning engineer must have at his disposal 
when considering the purchase of new machine 
tools and which the student should be encouraged 
to assess. 

Little or no reference is made to planing, 
shaping and slotting machines, but the author’s 
preface gives a clue when he says that the new 
book should be read in conjunction with his 
earlier book, National Certificate Workshop 
Technology. Reference is made to the earlier 


publication, with which the author evidently 
assumes the pupil is already familiar. However, 
it is felt that the absence of any reference to 
planing and shaping machines is a_ serious 
omission, as non-circular details are normally 
machined on them, and the development of both 
over the last 20 years would have made an 
interesting contribution. So far as planing 
machines are concerned, solenoid tool relieving 
units, electric cross-slide locking and electric 
tachometers for registering the cutting and 
return speeds are special features, and these, we 
think, might well have been referred to at some 
length. 

The chapters on gear cutting and gear-teeth 
measurement and testing are well illustrated, 
and should give the student a clear insight into 
these processes. The section on involute spur 
gears, however, could be made clearer to the 
reader in certain aspects. For example, the 
author says “* the pressure angle can be varied.” 
It would be more true to say that there is a choice 
of pressure angle, generally between 144 deg. 
and 25 deg., while the standard pressure angles 
are 144 deg. and 20 deg. Again, it is made 
plain that a corrected pinion blank must be 
turned oversize and a corrected wheel blank 
diameter undersize, by an amount equal to that 
by which the pinion was turned oversize, and the 
teeth then generated in the normal way. In 
another section, it is implied that the wheel could 
have “ the interfering portion of the teeth cut 
off.” If the student takes this too literally, the 
impression gained will be that correction can be 
applied after the teeth are cut. The amount of 
correction which can be applied is limited by the 
fact that if carried too far, the pinion will have 
pointed teeth. Most gear manufacturers correct 
in increments of 0-020 in. as this simplifies the 
calculations for measuring the teeth. 

The two sets of questions printed at the back 
of the book are excellent. The only criticism 
is that many of the answers in either section could 
not be obtained from the book. The author’s 
style is generally lucid, and the book will serve 
a useful purpose for those students who have 
not ready access to the information which it 
contains. An adequate index is included and 
adds much to the reference value of the volume. 








NEW BOOKS 


Some of the books noticed here are selected for 
extended review in ENGINEERING. 


Solution of Problems in Telec ications. By 
C.S. HENSON. Sir Isaac Pitman and Sons, Limited, 
Pitman House, Parker-street, Kingsway, London, 
W.C.2. (25s.) 

After a very brief introduction on theory, at the 
beginning of each chapter, the book is devoted 
entirely to problems taken from the degree examina- 
tion papers of the University of London and of the 
Institution of Electrical Engineers. Worked-out 
examples are given, and answers provided for other 
problems. In all, more than 200 problems are given, 
classified under 16 headings. The book is primarily 
intended for those studying for the above examina- 
tions, but will be of use on all university and technical 
college courses. 


Body Engineering: Design and Construction of Motor 
Vehicle Bodywork. Second Edition (Revised). By 
SyDNEY F. PaGe. Chapman and Hall, Limited, 
37 Essex-street, London, W.C.2. (25s.) 


In the preface to this book the author states that the 
second edition has been made necessary by the 
acceptance of the work as a standard for vehicle body 
design. Consequently, some text has been replaced 
by matter covering new developments and a certain 
amount has been added. Starting with an introduc- 
tion dealing with the history of the motorcar body, 
the author proceeds to consider the materials used 
and then to the actual design of the bodywork. He 
describes in his account passenger and commercial 
vehicles of various types, including articulated tippers 
and coaches. The remainder of the book is concerned 
with bodywork drafting, the uses of sheet metal, 
trimmings and fittings for the interior, and practical 
bodywork construction. There is also a_ short 
section dealing particularly with caravans. 


Standard Capacitors and their Accuracy in Practice. 
Notes on Applied Science No. 13. Published for 
the Department of Scientific and Industrial 
Research by H.M. Stationery Office, Kingsway, 
London, W.C.2. (1s. 3d.) 

This is one of the ‘* Notes on Applied Sciences,” 
published with the object of providing industrialists 
and technicians with information that is not readily 
available elsewhere. Air dielectric and solid dielectric 
capacitors are considered in some detail, and there 
are notes on capacitors in general. 


A Guide to Current Practice. Compiled by the Guide 
Committee of the Institution of Heating and 
Ventilating Engineers. The Institution of Heating 
and Ventilating Engineers, 49 Cadogan-square, 
London, S.W.1. (65s.) 

In the past, the guide has been available, as a loose- 

leaf volume, only to members of the Institution, but it 

is now generally available as a bound volume. The 
catalogue data section is new, and is intended for 
quick reference to the products of various manufac- 
turers. The book covers all aspects of heating and 
ventilating, from the properties of the substances 
used to automatic controls, codes and standards, 
and statutory regulations. A subject and author 
index to papers published in the Proceedings and 
Journal of the Institution is also included. 


Progress in Semiconductors. Vol. I. Edited by 
A. F. Gipson, P. AlGRain, and R. E. BurGess. 
Heywood and Company, Limited, Drury House, 
Russell-street, London, W.C.2. (50s.) 


This is the first of an annual series of volumes, each 
of which is intended to give a picture of the whole 
field of semiconductor progress during the past year. 
There are three main editors: Dr. A. F. Gibson, 
general editor; Professor R. E. Burgess (American), 
and Professor P. Aigrain (European). The articles 
generally will be critical reviews intended to give an 
assessment of the present state of knowledge. Seven 
are given in this first volume concerned with silicon, 
germanium filaments, the Seebeck effect, properties 
of phosphors, high frequency transistors, photo 
effects and field effects in semiconductors. 


Radio Electronics. By SAMUEL SEELY. McGraw-Hill 
Book Company, Incorporated, 330 West 42nd-street, 
New York 36, N.Y., U.S.A. (7.00 dols.); and 
McGraw-Hill Publishing Company, Limited, 95 
Farringdon-street, London, E.C.4. (52s. 6d.) 


The author, who is Professor of Electrical Engineering 
at the Case Institute of Technology, treats essential 
processes and circuits that are of importance in the 
field of radio-communications, in considerable 
mathematical detail. Emphasis is laid on the 
physical and mathematical analysis, to give under- 
standing of the fundamentals underlying the broad 
field of communications. It is written as a companion 
book to Electronic Engineering and together they 








represent a revision and extension of the author’s 
earlier book, Electron-tube Circuits. Various elements 
of a circuit are dealt with in separate chapters and 
there are four appendices dealing with notes on 
general network analysis, characteristics of vacuum 
tubes, and tables of Bessel functions. 


Analysis of Electric Circuits. By WILLIAM H. 
MIDDENDORF. John Wiley and Sons, Incorporated, 
440 Fourth-avenue, New York 16 A. 
(6.00 dols.); and Chapman and Hall, Limited, 
37 Essex-street, London, W.C.2. (48s.) 


According to the author of this book, who is Assistant 
Professor of Electrical Engineering at the University 
of Cincinnati ‘‘ circuit analysis is a basic tool of the 
electrical engineer. He uses six fundamental physical 
laws and shows the reader that by an intelligent appli- 
cation of them all circuit analysis problems can be 
covered. The book, as a whole, is divided into 
three main sections, part 1 being a basic circuit 
analysis covering such items as types, their voltage 
and current valuations, impedance and admittance, 
circuit parameters and resonance phenomena. The 
second part, on the extension of basic circuit 
analysis, covers non-sinusoidal waves and the third 
part is devoted to specialisation—polyphase power 
and communication circuits. The book is intended 
as a text-book and problems are set at the end of 
-each chapter. 


Machine Design. By JosEPpH EDWARD SHIGLEY. 
McGraw-Hill Book Company, Incorporated, 330 
West 42nd-street, New York N.Y., U.S.A. 


(7.75 dols.); and McGraw-Hill Publishing Com- 
pany, Limited, 95 Farringdon-street, London, 
E.C.4. (58s.) 


This volume is one of the series on mechanical 
engineering in which the authors deal with mechan- 
isms, dynamics of machinery and boundary layer 
theory. In Machine Design, Professor Shigley 
has tried to place emphasis on the setting up of the 
problem and the evaluation of the solution. The 
book is divided into two main parts: the first dealing 
with fundamentals of design, including such items as 
stresses in parts, materials and their property, and 
principles of design; and the second with the design 
and selection of machine elements, covering such 
items as screws and fasteners, springs, bearings, gears 
and clutches. The book is written as a text-book 
for the student following American courses. 
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TRADE PUBLICATIONS 


Copies of any of ‘the following trade publications are 
obtainable from the addresses given, though distribution 
is sometimes restricted. 


Engineering Apprenticeships. RICHARDSONS WEST- 
GARTH-Group, Northumberland Engine Works, 
Wallsend, Northumberland. Details of appren- 
ticeships in the three firms comprising the group, 
namely, Richardsons, Westgarth (Hartlepool) Ltd., 
North Eastern Marine Engineering Co. Ltd. and 
George Clark & North Eastern Marine (Sunder- 
land) Ltd. Trade, technical and student grades, 
also sandwich courses. Illustrated brochure from 
the chief apprentice and welfare officer. 


Workshop Accuracy. HILGER AND Watts LtTp., 
98 St. Pancras-way, Camden-road, London, N.1. 
Booklet entitled Use of Light Waves for Controlling 
the Accuracy of Block Gauges, by Dr. F. H. Rolt, 
O.B.E., formerly Superintendent, Metrology Divi- 
sion, National Physical Laboratory, Teddington. 
Discussion of principles and equipment available. 
Obtainable from company, price 6d. post free. 


Unit Heaters. THE STANDARD AND POCHIN BROTHERS, 
Ltp., Evington Valley-road, Leicester. ‘* Calorier”’ 
unit heaters for factories, garages, large offices 
and stores, as well as for drying and utilising the 
heat from the cooling water of Diesel engines. 
Technical details of construction. Recommen- 
dations regarding heating medium, location, 
installation and operation. Performance data. 
Illustrated pamphlet. 


Standard Steel Framed Buildings. CosELEY ENGINEER- 
ING Co. Ltp., Lanesfield, Wolverhampton, or 
41/46 Piccadilly, London, W.1. Standard light- 
weight steel lattice portal frames for 12 ft. 6 in. 
centres (or a heavier section for a 25 ft. centre); 
cladding of asbestos-cement sheets. Suitable for 
all commercial and industrial purposes. Booklet 
giving dimensions and illustrating completed work. 


Impregnation Recorder. ADDISON ELEctTRIC Co. LTD., 
10 Bosworth-road, London, W.10. Impregnation 
recording equipment providing a continuous 
record in four distinctive colours on a linen paper 
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chart of the insulation resistance 2nd self. . 
ance of the cable being treated, and of the tempat 
ture and vacuum inside the tenk, Tlustratey 
leaflet. 


Television Servicing. MULLARD Ltp.., Century House, 
Shaftesbury-avenue, London, W.C.2. A filmstrp 
on servicing the projection television system, 
Intended for students of the City and Guilds 
Institute and radio trades courses, Illustrated 
lecture notes for the strip are available in bookle, 
form. 


Cathodic Protection. F. A. HuGHEs & Co, Ln, 
Devonshire House, Mayfair-place, Pj 
London, W.1. ‘* Guardion” system of 
protection. Notes on use and theory, and 
available (publication 76), and associated instry. 
ments (publication 59A). 


Hose Clip. F. H. BouRNER (BRIGHTON) Ltp., Ald. 
rington Basin, Hove 3, Sussex. _** Coronation” 
universal hose clip made from strip and a sealing 
housing, tightened by nut and thread. Clips for 
each joint made as required to suit exact size, 
Leaflet. 


Bulk-Gas Meters. W. C. Hoimes & Co, Ln, 
P.O. Box B7, Turnbridge, Huddersfield. Holmes. 
Connersville meters for large flows of gas, of from 
20,000 to 1,250,000 cub. ft. of free gas per hour 
Pressure loss not exceeding | in. water gauge 
Publication No. 58. 


Lighting Fittings. CROMPTON PARKINSON Lp, 
Crompton House, Aldwych, London, W.c? 
Fluorescent and tungsten lighting fittings for 
office and factory. Including ceiling fittings, 
floodlights and gas-tight models. _ Illustrated 
catalogue. 

Nucleonic Thickness Gauges. BALDWIN INSTRUMENT 
Co. Ltp., Brooklands Works, Dartford, Kent. 
** Atomat ”’ nucleonic thickness gauges: their use 
in industry for general and special purposes, 
Including paper making, strip rolling and coating 
Illustrated booklet. 


Flour Milling Machinery. THOMAS ROBINSON & 
Son, Ltp., Rochdale. Atomising damper for 
moistening bran layers of wheat immediately 
before milling. The bran skins are thus toughened, 
and powdering is reduced. Illustrated page for 
loose-leaf catalogue. 


** Filleries ’’ Electrodes. ENGLISH ELEctric Co. Ltp., 
Kingsway, London, W.C.2. “ Filleries” elec- 
trodes for filling in cavities in steel castings. These 
electrodes leave an extremely thin coating and 
give a high degree of stability with little or no slag. 
Technical details. Illustrated leaflet. 


Current Transformers. ENGLISH ELectric Co. LD, 
Kingsway, London, W.C.2. Current transformers 
for use on equipment with a maximum rating of 
15 kV. Details of range, insulation and construc- 
tion. Theory. Answers to common problems. 
Illustrated pamphlet. 

Gas Condensers and Cooling. W. C. Hotmes & 
Co. Ltp., P.O. Box B7, Turnbridge, Huddersfield. 
Condensers, washers and coolers for gas. Dimen- 
sions and designs. Illustrated booklet publication 
No. 60. 

New Products. Ap. AuRIEMA, INC., 89 Broad-street, 
New York 4, N.Y., U.S.A.  Auri-News, giving 
details of new products in the electronic, electrical 
and refrigeration fields. 


Pliers. WoOLSELEY ENGINEERING L1tp., Witton, 
Birmingham, 6. Hand wire cutters for carpenters, 
joiners, etc.; fencing pliers, pincers, wire nippers, 
and ‘** Thumbturn ” wrench which can be adjusted 
and operated single handed. Illustrated leafiet. 


Centre Lathes. CROWTHORN ENGINEERING Co. LTD, 
Reddish, near Stockport. 12, 124, 15 and 18m 
centre lathes, 30 and 36 in. swing boring and f 
lathes, and 83 in. centre parting-off, turning 
boring lathe. Four illustrated leaflets. 

Domestic Heating. D. E. STuTTARD, Westfield Mill 
Mytholmroyd, Yorkshire. Whole house 
by oil-fired hot-air units. Two sizes, 84,000 
125,000 B.Th.U. per hour. Illustrated des 
criptive leaflet. 

Small Electric Motors. Westoo. Ltp., St. Helens 
Auckland, Co. Durham. Small motors am 
generators varying from 10 gm. cm. torque to 
4h.p. Leaflet. 

Engine Manufacture. NATIONAL Gas AND Of 
ENGINE Co. Ltp., Ashton-under-Lyne. The story 
of the firm and its products from 1889 to the 
present day. Illustrated booklet. 

Control Equipment. GeorGe Kent Ltp., Luton, 
Bedfordshire. Measuring and recording equi> 
ment for the chemical engineering industty. 
Illustrated descriptive leaflets. 
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The motor driving a veneer peeling lathe which 
has recently been installed at the Willington 
Quay (Wallsend) works of Tyne Timber and 
Veneers, Limited, is automatically controlled 
on the Ward Leonard system so that the log is 
turned at a constant peripheral speed as its 
diameter decreases. To effect this control the 
generator excitation is varied by a speed regu- 
lator which is operated through a differential 
relay whose coils carry voltages proportional 
to the motor speed and to the position of the 
cutter bar on the lathe. 


PLANT ARRANGEMENT 
The lathe, which is illustrated in Fig. 1, was 
supplied by Ritter, Fleck und Roller Maschinen- 
fabrik A.G., Hamburg, ,and is 130 in. long 
between the chucks and logs up to 79 in. in 
diameter can be accommodated. With it veneers 


i 





Fig. 2 The Ward Leonard set for supplying 
power to the lathe. The tacho-generator, on the 
main driving motor, is to be seen in the foreground. 


Fig. 1 Veneer peeling lathe at Tyne Timber and Veneers’ works, on which automatic speed variation 
is installed to compensate for the diminishing diameter of the log. 


VENEER PEELING LATHE 
SPEED CONTROL GIVES CONSTANT RATE OF CUT 


with thicknesses between 0-064 mm. and 10 mm. 
can be peeled at speeds up to 700 ft. per min. 
The motor driving this lathe, which was manu- 
factured by the General Electric Company, 
Limited, Kingsway, London, W.C.2, has an 
output of 70 h.p. and is supplied with electricity 
from a motor-generator set comprising a 95 h.p. 
motor, a 58 kW direct-current generator with 
an output of 220/285 volts at 970 r.p.m., and a 
5 kW exciter. This set, which is illustrated in 
Fig. 2 is also of General Electric manufacture. 
It is controlled from a cubicle type switchboard, 
which houses a star-delta starter and other 
main items. At the operator’s position on the 
lathe there is a panel on which push buttons are 
mounted, as well as a feet-per-minute meter and 
a speed-setting rheostat, which enables the 
maximum speed at any position of the cutter 
bar to be selected depending on the hardness 
of the wood being peeled. 

As regards operation, after the motor-genera- 
tor set has been started and the clutch between 
the lathe and its driving motor closed the log 
can be rotated at a low speed for dressing pur- 
poses by pressing an “inch” button and thus 
bringing in minimum generator excitation. To 
initiate peeling the clutch is opened and a “‘ start” 
button pressed, thus causing a drum-type 
accelerator, which is driven by a pilot motor, to 
operate the appropriate contactors. The genera- 
tor excitation is increased by cutting out the 
‘‘inch”’ section of the field resistance and the 
lathe motor then runs on full field. In this 
condition the clutch can be reclosed and the 
motor speeded up to give the selected peripheral 
speed for peeling by moving the cutter bar up 
to the log. 


SPEED CONTROL EQUIPMENT 


The movement of the cutter bar operates a 
chain-driven rheostat which, in conjunction with 
a speed-setting potentiometer, adjusts a reference 
voltage across one coil of the differential voltage 
relay. The other coil of this relay is connected 
across a tacho-generator on the lathe motor 
shaft. When the reference voltage exceeds 
the tacho-generator voltage the relay contact 
moves and operates a “ raise-speed ’’ contactor 
which causes the pilot motor of the speed 
regulator to run in the required direction until 
a balance is obtained. The moving arm of the 
speed regulator actuates the same generator and 
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motor field resistors as are involved in the 
action of the drum accelerator before automatic 
control is initiated by the movement of the cutter 
bar. 

If the tacho-generator voltage exceeds the 
reference voltage a “* lower-speed ”’ contactor is 
operated and the pilot motor runs in the opposite 
direction until balance is again obtained. The 
motor speed is therefore closely controlled 
throughout the peeling operation by a combina- 
tion of generator and motor field adjustment. 

When peeling is completed the clutch is opened 
and the lathe motor stopped by pressing a 
“stop” button. The speed regulator and the 
drum accelerator then both run back to their 
starting positions. If either of the emergency 
““ stop ’’ buttons is pressed the motor stops and 
the drum accelerator returns to its “ off” 
position. The speed regulator, however, remains 
at the setting corresponding to the speed appro- 
priate to the position of the cutter bar. On 
re-starting therefore the accelerating contactors 
rapidly bring the motor up to this speed and 
the clutch may be closed to resume peeling. 

This new installation has greatly increased the 
output compared with that obtained with earlier 
equipment in which a combination of mechanical 
and electrical methods was used for speed 
variation and control was effected by the 
operator. 


x * * 








Choice of continuous operation, single stroking 

or inching is provided by this controller for air- 

operated clutches and brakes on presses and other 
machines. 


CONTROLLING AIR 
CLUTCHES AND BRAKES 


The controller illustrated herewith has been 
introduced by the Baldwin Instrument Company, 
Limited, Brooklands Works, Dartford, Kent, 
for application to intermittently-reciprocating 
machines such as crank presses or guillotines, 
controlled by compressed-air clutches and brakes. 
A selector switch enables the machine to be 
operated on continuous stroking, single stroking 
or inching as required. The correct-sequence 
operation of the clutch and brake (that is, the 
clutch cannot be engaged until the brake is off, 
and the brake cannot be applied until the drive 
has been disconnected), is ensured by means of 
a restrictor valve in the pneumatic circuit. 
A cam-operated solenoid valve controls the 
stopping of the press at top dead centre. Pro- 
vision is made for wiring in any number of 
additional start, stop or emergency stop buttons, 
the latter over-riding all other controls. The 
controller can also be interlocked with the 
machine guards. 
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This week we bring to an end our series of articles 
on the machine tool industry. Our aim through- 
out has been to draw attention to modern trends 
in design and application, firstly by outlining the 
different machining processes in current use and 
describing representative machines, and secondly 
by noting any particular features or techniques that 
are of comparatively recent origin. This is borne 
out by the items appearing in the present issue— 
the conclusion of our article on gear cutting and 
a discussion of cutting-tool materials and small 


In continuing our article on gear cutting, we 
deal first with the subject of gear generation, 
giving a brief outline of the process itself and 
placing recent developments in that context. 
After discussing methods of gear finishing, such 
as shaving and lapping, we draw attention to 
some miscellaneous machines associated with 
gear cutting, and conclude with descriptions of 
gear testing equipment. 


GEAR GENERATION 


A common technique for cutting the involute 
profile is generation, and although we cannot 
enter into a full account of the process here, 
we may give a broad description of a typical 
approach, and touch on some of the machines 
in which this or related methods are applied. 
Some well known gear generators are: the 
Gleason 104 and 116 machines, shown at the 
Machine Tool Exhibition by Buck and Hickman 
Limited, Watford, Herts; the B16 universal 
generator made by David Brown Industries 
Limited, Machine Tool Division, Sherborne- 
street, Manchester, 3; the Lambert 68 universal 
semi-automatic gear generating machine, which 
can cut a variety of gears (including multi-start 
worms) up to 180 mm. in_ diameter, 
exhibited by Wickman Limited, P.O. Box 36, 
Fletchamstead-highway, Coventry; the Maag 
SH.75C gear cutting machine shown by Burton, 
Griffiths and Company, Limited, Mackadown- 
lane, Kitts Green, Birmingham, 33; and the 
3C_ horizontal high-production gear generator, 
the V.10A and V.4 vertical gear generators 
and the VR.60 vertical rack generator built 
by W. E. Sykes Limited, Manor Works, Staines, 
Middlesex. 

The cutter is mounted on a spindle, and the 
gear is formed by the combined motion of cutter 
spindle and workpiece. The Sykes V.10A 


vertical gear generator, which is similar to a 
smaller V.4 machine, employs a single cutter 
spindle reciprocating in a vertical plane to pro- 
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tools. In addition to these, the series has com- 
prised articles dealing with automatic control 
systems, machining light alloys, spark erosion, 
welding equipment, drilling, boring and milling, 
turning, screwing and threading, cutting fluids 
and slideway lubricants, furnaces and heaters, 
woodworking machinery, sawing, grinding and 
surface finishing, marking and engraving, broach- 
ing, forging and stamping, sheet and strip metal 
working, instruments, electrical control equipment, 
and planing, slotting and shaping. 


duce a wide range of regular and irregular 
profiles. It can generate racks, internal and 
external gears, spur and helical gears, involute 
and straight-sided splines and serrations, and 
internal gears up to 20 in. pitch circle diameter 
and external gears of 14 in. pitch circle diameter 
can be cut. A model shown at the Exhibition 
‘was equipped to produce cluster helical gears 
and to use a gapped cutter for roughing and 
finishing in a single operation. The machine 
is illustrated in Fig. 9. 

Representing the Sykes range of horizontal 
gear generators is the 3C machine, which has a 
blank capacity of 40 in. diameter and can cut 
spur gears from 24 to 36 diametral pitch and 
helical gears from 3 to 36 diametral pitch. It 
can generate such gear forms as double helicals 
with continuous or staggered teeth, external 
and internal spur and single helical gears, 
cluster gears and a variety of others, and permits 
ganging-up of cutters so that as many as 16 
components can be cut simultaneously. Fig. 10 
shows the Sykes 3C machine generating two 
gears of different diameters simultaneously. 


RACK GENERATION 


The Maag SH.75C gear-cutting machine cuts 
straight and helical teeth in cylindrical gear blanks 
by means of a rack-shaped cutter. The com- 
ponent is rolled along the tool as if it were 
already a gear wheel and the teeth are produced 
during this generating process. Cutting on the 
down stroke, the cutter carries out a reciprocating 
motion parallel to the tooth flanks. The gener- 
ating motion, which takes place during each 
return stroke when the cutter is withdrawn from 
the work is a combination of the straight move- 
of the tool and a revolving movement performed 
by the worktable controlled by change wheels. 
If gear blank and tool had the same number of 
teeth, the gear would be cut during one uninter- 
rupted revolution of the worktable, but as 
the cutter is of limited length, the blank is 





Fig. 10 The Sykes 3C horizontal gear generator cutting two gears of different diameters at the 


same time. 


(W. E. Sykes Ltd.) 
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Fig. 9 The Sykes V.10A vertical gear generator 
employs a single cutter spindle reciprocating in a 
vertical plane to produce a wide range of regular 

and irregular profiles. 


periodically brought back to its initial position 
relative to the cutter. During the retum 
motion, the worktable is running backward 
parallel to the tool which remains at rest at 
the higher position. As the workpiece does 





Fig. 11 Spiral bevel and hypoid gears may be cut 

on the David Brown B16 gear generator, which 

is suitable for either batch or quantity production. 
(David Brown Industries Ltd.) 
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Fig. 12 Kinematic scheme for Gleason hypoid 
generator operating on the principle of co 
mentary crown gears. 


(Buck and Hickman Ltd) 
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not revolve during this operation but moves 
in a straight line only, a dividing motion is 
carried out simultaneously--the gear blank is 
advanced one or several tooth spaces relative 
to the cutter. The return motion is followed 
by a short backward and forward rolling of the 
worktable which takes up the play in the driving 
mechanism for the generating and dividing 
motions. After the tooth height or cutting 
depth has been set, the gear blank is fed laterally 
into the teeth of the cutter in the direction of 
the straight table motion. The automatic 
generating and feed motions are now engaged, 
and continue to be, until the gear is finished, 
when the machine stops automatically. The 
lateral feed of the cutter into the gear blank is 
only necessary when roughing. For finishing, 
the cutter is fed radially to the correct depth. 
The maximum gear diameter that can be cut 
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Fig. 15 Effecting cutter tilt in Gleason gear 
generating machines. (Buck and Hickman Ltd.) 
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Fig. 13 The Gleason 116 hypoid production generator can cut a variety 
of gears using only one circular face-mill cutter. (Buck and Hickman Ltd.) 


Pinion Apex Deflected or 
Assembled off Centre 


Tooth Bearing 
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is 294 in. and the number of cutter strokes per 
minute ranges from 23-5 to 150. 


HYPOID AND SPIRAL BEVEL GEARS 


Within the last five or six years, David Brown 
Industries Limited have developed a range of 
spiral bevel and hypoid gear cutting machines, 
which are understood to be the first of their 
kind made in this country. They include the 
B11 roughing machine; the B16 generator, the 
BI7 testing machine, and the B27 tester and 
lapper. The B16 generator, which appears in 
Fig. 11, is a universal machine suitable for both 
batch and quantity production of spiral bevel, 
zero spiral bevel and hypoid gears up to 18 in. 
in diameter and 2-5 diametral pitch. After 
initial setting the cutting cycle is fully automatic. 
The gear blank is fed to full depth with the cutter 
at the lowest point of the generating roll, and 
both flanks of each gear tooth are generated by 
rolling with the cutter. The blank is then 
withdrawn and indexed one tooth space during 
the down-roll of the cutter. This relative 
rolling motion is combined from the rotation of 
the cradle (which carries the cutter) with rotation 
of the gear blank on its axis. This composite 
movement corresponds to that of a gear rolling 
with a crown gear, of which the cutter represents 
a tooth. 


ONE CUTTER FOR MANY GEARS 


In amplifying this principle we shall refer to 
the Gleason 116 hypoid production generator, 
employing what its makers call the ‘ Unitool ” 
method of generation. An important feature 
of this process is that only one cutting tool is 
required to form a wide variety of spiral bevel 


Fig. 16 (Left) The advan- 
tage claimed for localised 
tooth bearing is that allow- 
is made for slight errors in 
mounting and for small 
deflections under operating 
loads without dangerous 
load concentration at the 
ends of the teeth. On the 
left (a) can be seen the 
normal operating contact, 
and on the right (b) 
contact after a small dis- 
placement. 














Fig. 14 Close-up of cutters in Gleason 104 straight-bevel Coniflex 
generator, for gears with localised tooth bearing. (Buck and Hickman Ltd.) 


gears. Fig. 12 represents diagrammatically the 
kinematic scheme of a hypoid generator, showing 
the machine’s principal parts—the work head, 
the cradle and the generating gear train connect- 
ing them. Fig. 13 is a close-up view of the 116 
hypoid generator showing cutter and workpiece. 
The corresponding view of the company’s straight 
bevel “* Coniflex’’ generator can be seen in 
Fig. 14; this machine will be discussed later. 
The cradle is a large member which can be 
rotated on a horizontal axis in geared relation 
to the rotation of the work spindle. The cutter 
spindle is so mounted in the cradle that it can 
be adjusted to the desired distance from the 
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Fig. 17 Manner in which rollers and adjustable 

guides are used in Gleason Coniflex machines 

to give localised tooth bearing in straight bevel 

gears. Angular adjustment of the guides control 
the lengthwise curvature of the teeth. 
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cradle axis, and its axis can be tilted up to 30 deg. 
from the cradle axis in any direction. The 
cradle and cutter together represent a generating 
gear rotating about the cradle axis in rolling 
mesh with the gear being cut. The work head 
may be adjusted angularly about a vertical axis 
through the cradle axis, and also linearly in 
the directions both of its own axis and of the 
cradle axis. A vertical adjustment permits the 
work axis to be raised or lowered out of the 
plane of the cradle axis. 


CUTTER TILTING 


The generating train comprises two sets of 
compound change gears, for controlling the 
generating ratio of roll and indexing, and a 
fine-tooth clutch which may be disengaged and 
shifted in order to make small rotations of the 
work piece and so obtain the required tooth 
thickness. The method of effecting cutter tilt is 
indicated in Fig. 15. Not only does it permit 
high rigidity, but in addition the cutter centre 
does not move when the cutter axis is tilted. 
This simplifies calculation. On the left in the 
illustration can be seen the position of no tilt 
and on the right the position of maximum tilt. 
The tilt is produced by rotating the cutter axis 
bodily about an axis X intersecting it at the 
cutter centre, and making an angle of 15 deg. 
with the cradle axis Y. This setting is called 





Fig. 20 Precision milling machine for cutting 
instrument gears. (Wahli Fréres.) 








Fig. 18 (left) One of a 
range of combined tur- 
bine-gear hobbing and 
shaving machines, believ- 
ed to be the first of its 
kind in the world. (David 
Brown Industries Ltd.) 


Fig. 19 (right) Fine-pitch 
gear-shaving machine in 
which the work moves 
and the rotary shaving 
cutter remains fixed. 
(W. E. Sykes Ltd.) 





the cutter-spindle rotation angle; when its value 
is 180 deg. the cutter tilt is a maximum—30 deg. 
The swivel angle setting is an adjustment of the 
tilted assembly about axis Z and controls the 
direction of tilt. 

The basic concept of bevel gear generation is 
that of complementary crown gears, analogous 
to the complementary racks in spur gearing. 
Fig. 12, besides showing the general arrangement 
of the system, illustrates how the gear generator 
is arranged to use the principle of complementary 
crown gears. The crown gear is embodied in 
the cradle, the cradle carries a cutter the cutting 
edges of which describe the required crown gear 
tooth surface, and the cradle rotates in a manner 
equivalent to the rotation of the generating 
crown gear. 

In the 116 machine, use is made of a circular 
face-mill cutter, as illustrated in Fig. 13. The 
tooth profile is produced by the generating 
method in which a relative rolling motion 
takes place between the pinion blank and the 
rotating cutter. Once the roughed-out pinion 
has been checked in the work head, the machine 
operation is entirely automatic. A feed cam 
moves the work head and blank into the cutting 
position. The cradle, on which the cutter is 
mounted, then rolls in timed relationship with the 
work spindle to generate a tooth space. At the 





Fig. 21 Gleason pinion quenching machine, 

designed to hold and quench heated pinions, 

allowing them to be hardened without distortion. 
(Buck and Hickman Ltd.) 
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completion of generation of one tooth space, the 
cradle and work reverse direction, the work js 


withdrawn and indexing takes place. The 
work head again moves forward and the sequence 
of motions is repeated until every tooth has been 
cut. The machine stops automatically when the 
work is finished. 

The Gleason 116 can cut gears with a maximum 
pitch-circle diameter of 18 in. and for gear ratios 
up to 10 to 1; the coarsest diametral pitch is 2, 
The cutter speed range is 20 to 115 r.p.m. and 
the feed 9 to 80 seconds per tooth. 


LOCALISED TOOTH BEARING 


A similar machine, but designed to cut straight- 
bevel gears with localised tooth bearing, is the 
Gleason 104 straight-bevel ‘* Coniflex ”’ generator 
(“‘ Coniflex ” is a trade name denoting straight- 
bevel gears with localised tooth bearing). Fig. 14 
shows a close-up view of this machine. Fig, 17 
illustrates the manner in which rollers and 
adjustable guides give localised tooth bearing in 
straight bevel gears: by means of angular 
adjustments to the guides the lengthwise curva- 
ture of the teeth can be controlled. The advan- 
tage claimed for localised bearing is that allow- 
ance is made for slight errors in mounting 
and for small deflections under operating loads, 
without dangerous load concentration at the ends 
of the teeth. This is brought out in Fig. I¢, 
which shows (a) the normal operating contact 
and (5) contact after a small relative displacement. 
It should be pointed out that localised tooth 
bearing is not confined to straight-bevel gears, 
but is common to all Unitool processes. 

As indicated in Fig. 14, the Gleason 104 
straight-bevel Coniflex generator employs two 
multi-blade interlocking disc-type cutters, but 
again the operation is based on the generating 
principle. Gears of from 3 to 20 diametral 
pitch can be machined, while cutter speeds 
range from 98 to 286 ft. per minute. The 
maximum pitch circle diameter accommodated 
is84in. The Gleason company, 1000 University- 
avenue, Rochester 3, New York, also make 
various other generating machines* and ass0- 
ciated equipment, some of which will be 
mentioned later. 


SHAVING 


The importance of finish in gear making 1s 
self evident. Gears are constantly subject to 
rubbing contact, and where silent running, 
transmission efficiency, long life and minimum 
distortion are paramount considerations some 


* A paper entitled ‘“‘Recent Developments i 
Bevel Gear Cutting Machinery—the Gleason 
Method” by Mr. G. W. Nash, M.L.Prod.E., (Buck 
and Hickman Ltd.) was presented at a meeting of the 
British Gear Manufacturers’ Association on Novem- 
ber 8, 1955. 
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Fig. 22 Wadtool rolling gear tester. 


are indicated by displacements in centre-line distance. 


finishing technique such as shaving or lapping 
must beemployed. Other methods are grinding, 
which has already been touched upon, and 
burnishing. 

Shaving is carried out after the gear cutting 
operation but before hardening, and is a cutting, 
not a cold-working, process, in which metal is 
removed from the gear-tooth profile by a cutter 
resembling a gear or rack. Each tooth of the 
cutting tool is serrated to provide a series of 
cutting edges. In both rotary cutting—in which 
the cutter resembles a gear—and rack cutting, 
the cutter and gear run together as if inter- 
meshing. The improvement in surface finish 
effected by this process can be gathered from the 
Tomlinson undulation records and interferograms 
shown in ENGINEERING, vol. 181, page 107 (1956). 
The MHIS50S combined turbine-gear hobber 
and shaver illustrated in Fig. 18 is one of a 
range of similar dual purpose machines made by 
David Brown Industries Limited and believed 
to be the first of their kind in the world. After 
completion of the hobbing process, the hob is 
replaced by a shaving cutter attachment, thus 
enabling maximum use to be made of the 
machine and eliminating the time wasted in 
transferring a heavy gear from one machine to 
another. Four machines have been developed, 
designated:  P60S, MHI100S, MHISOS and 
MHI75SS; the numeral in each case indicates 
the maximum diameter in inches of the gear 
Which the machine can accommodate. 


ONE MACHINE—THREE TECHNIQUES 


Pp David Brown gear shaving machines— 
7 and 12 in. diameter capacity respectively— 
te the S6H and $12H automatic high-speed 
gar shavers, which employ the crossed-axis 








Errors in pitch-circle concentricity and tooth-form regularity 


(Drummond-Asquith (Sales), Ltd.) 


Fig. 24 Straight-bevel, 
spiral-bevel, zero spiral 
angle and hypoid gears 
are run in pairs on the 
B17 gear testing machine 
to check size, run-out, 
smoothness, quietness and 
contact bearing. (David 


Brown Industries Ltd.) 


principle (this refers to the relative position of 
gear and cutter). An unusual feature of these 
machines is that they can apply three different 
forms of shaving technique, using three methods 
of cutter traversing. With the machine set for 
axial traverse, the cutter travels in a direction 
parallel to the work axis. With oblique traverse 
the line of cutter movement is inclined at an 
angle to the work axis, so reducing the length 
of travel for each pass of the shaving cutter and 
giving a corresponding reduction in shaving 
time; in addition, the point of closest contact 
moves across the face of the cutter during the 
operation, thus permitting a more even distri- 
tution of wear. With tangential traverse the 
shaving cutter travels at right angles to the work 
axis; in cases where the face width of the cutter 
must exceed that of the work, this method 
reduces cutter traverse, saves shaving time, and 
also prolongs cutter life by virtue of the even 
distribution of wear. Since cutter run-out is 
restricted to a minimum, this approach is ideal 
for shaving gears with shoulders adjacent to the 
gear teeth. These machines are equipped for 
automatic operation and built to permit auto- 
matic loading. Cutter spindle speeds range 
from 88 to 550 r.p.m. 

Of somewhat different design is the VS.4A 
fine-pitch gear-shaving machine made by W. E. 
Sykes Limited and shown in Fig. 19. Compact 
and robust, this unit has been introduced for 
the rapid and economical finishing of spur and 
helical gears up to 4 in. in diameter and | in. 
face width. Its principle of operation is similar 


to that for transverse shaving in that the work 
moves while the rotary shaving tool remains 
fixed; in addition, the tool and not the work is 
The finishing cycle, 


set to the required angle. 











Fig. 23 Orcutt individual base-circle involute 
measuring machine. (Gear Grinding Co. Ltd.) 


which is automatic, is completed in four longi- 
tudinal strokes, with the work and tool centre 
distance progressively reduced after each stroke 
until the finished size is attained. Operating 
times vary from 13 to 45 seconds depending on 
the material and size of the component. As a 
contribution to high operating speed, a fast 
infeed brings the shaving tool and work into the 
correct relationship before shaving commences. 
At this point the normal infeed speed is engaged 
for the actual cutting operation. There is thus 
no idling time. Any of a range of six strokes 
and four feeds can be selected and rotation of the 
rotary tool can be continuous, or periodically 
reversed by operating a switch. At the top 
speed of 660 r.p.m. a maximum of 10 reversals 
per minute can be obtained. At the lowest 
speed of 200 r.p.m., a minimum of 3 reversals 
per minute can be achieved. The coarsest pitch 
that can conveniently be cut is 16. Machines 
of other sizes operating on the rotary principle 
employing underpass, transverse or traverpass 
cutting are also made. 
LAPPING 

Lapping is a method of refining gear elements 
by removing small errors of distortion arising 
from heat treatment. It consists of running 
together pairs of gears, or the production gear 
with a lapping gear, using an abrasive medium; 
simple intermeshing, however, is not sufficient 
and to obtain uniformity of lapping an axial 
relative motion is also needed. Since certain 
forms of gear testing involve relative motion 
between meshing gears, it is reasonable to 
suppose that lapping and testing can be per- 
formed on the same machine, and this is in fact 
achieved by the David Brown B.27 testing and 
lapping machine. Suitable for straight-bevel, 
spiral-bevel, zero spiral angle and hypoid gears 
up to 37} in. in pitch circle diameter, it can also 
be used as a testing machine alone. 

At the Machine Tool Exhibition gear lapping 
machines were also shown by Buck and Hickman 
Limited (the Gleason 19 hypoid lapper for gears 
up to 17 in. and more in certain cases) and 
W. E. Sykes Limited, who exhibited the Klingeln- 
berg LKP.90.AVAU lapping machine. At 
a ratio of 1 to 1 the maximum diameter of both 
gears that can be accommodated on the Klin- 
gelnberg lapper is about 16 in. The lapping 
principle employed on this machine is unusual 
in that, unlike the commoner oscillation system, 
it entails only one additional movement of the 
gear in the direction of the cone line of the 
pinion. A small variable-speed motor provides 
an extra drive for producing a sensitively variable 
lapping pressure in both directions of rotation. 


SPECIAL PROCESSES 


In addition to the standard gear manufacturing 
processes, there are a number of other techniques 
of related interest. Precision milling machines 
such as that shown in Fig. 20 are, for example, 





250 


used to cut instrument gears. The machine 
illustrated is made by Wahli Fréres, of Bévilard, 
Switzerland. The removal of burrs after gear 
cutting can be performed by brushing, and the 
Osborne 3A “‘ Brushmatic”’ machine is said to 
give controlled uniformity of finish on surface 
juncture blending and to be generally useful 
for gear finishing. A product of the Osborne 
Manufacturing Company, Cleveland, Ohio, 
U.S.A., it is to be built in this country by 
Dendix Brushes Limited, of Chepstow, Mon- 
mouthshire. 

Hob sharpening is another process associated 
with gear cutting, and the Klingelnberg AGW.30 
hob sharpening machine exhibited by W. E. 
Sykes, Limited, is a high-output machine with 
automatic feed designed for this purpose. A 
useful feature of the model AGW.30 is that the 
effective cone generating line of the grinding 
wheel is so arranged that, no matter what spiral 
lead angle setting is adopted, it must invariably 
pass through the hob axis. There are no gears, 
or other moving parts, between the hob and the 
index plate since both are rigidly mounted on the 
same spindle. Strong hydraulic pressure indexes 
the hob from one flute to the next. The wheel 
head is fully swivelling and can be set for a 
given spiral lead angle, or axially parallel to the 
tooth-cutting face. The wheel is dressed, in 
its working position, by a diamond which is 
reciprocated in a radial direction by the rotation 
of a crank. 

Heat treatment is an important part of gear 
manufacture and Fig. 21 shows the Gleason 16 
pinion quenching machine exhibited by Buck 
and Hickman, Limited. It is designed to hold 
and quench heated pinions, three at a time, so 
that they may be hardened without distortion. 
The part is placed in the locator arm and the 
start button is pressed. From this point the 
entire operation is automatic. The locator 
arm moves into position, the machine clamps 
the pinion shaft on its centres, the locator arm 

retracts, the pinion starts to rotate, and the 
rollers move out and force the shaft concentric 
with the centres. Once the guard has auto- 
matically closed, the pre-set quenching cycle 
commences. Upon completion of the quench, 
the guard again opens, the locating arm moves 
in and returns the pinion to the original loading 
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position where it can be replaced by a further 
pinion. 


TESTING 


Finally we shall deal with gear testing, which 
owing to the high accuracy required of gears, is 
intimately associated with the gear making 
process. A wide range of machines is made 
for this purpose, but since the principles are 
generally familiar we shall mention only a few. 
Perhaps the simplest method is that of rolling 
contact; the mating gears mesh _ together, 
mounted on saddles one fixed and the other 
sliding, and variations in centre distance indicate 
errors in pitch circle concentricity and tooth- 
form regularity. A machine of this kind is the 
Wadtool 1A production gear tester (Fig. 22) 
made by Waddington Tools, Limited, and 
exhibited by Drummond-Asquith (Sales), Ltd., 
King Edward House, New-street, Birmingham, 2. 
Other similar machines are made by J. Parkinson 
and Son (Shipley), Limited, Shipley, Yorks. 
Cumulative pitch error can also be measured by 
the Klingelnberg PZ.375 machine (W. E. Sykes, 
Limited), but in this case, the moving gear is 


_ mounted on a swinging arm. 


Another standard approach is embodied in the 
involute measuring machine, an example of 
which, the Orcutt Mark V individual base-circle 
involute measuring machine (Gear Grinding 
Company, Limited, Shirley, Birmingham), is 
shown in Fig. 23. It makes use of a stylus, a 
Talymin gauge head, amplifier and rectilinear 
recorder (Taylor, Taylor and Hobson, Limited), 
and is intended for measuring large (42 in. 
diameter) traction gears. Other models are 
built, together with various lead measuring 
machines. 

Reference has already been made to the David 
Brown B27 tester and lapper, but the same 
company also produces a machine designed 
solely for testing—the BI7 model. Straight- 
bevel, spiral-bevel, zero spiral angle and hypoid 
gears up to 20 in. in diameter are run in pairs 
to check size, run-out, smoothness, quietness and 
contact bearing. It is illustrated in Fig. 24. 

An automatic indexing machine for the 
measurement of gear-tooth pitch errors was 
described in ENGINEERING, vol. 179, page 271 
(1955). 


CUTTING TOOLS, SMALL TOOLS 
AND MATERIALS 


Of late years considerable progress has undoubt- 
edly been made in the application and adaptation 
of hard-metals not only to cutting tool tips but 
also to various surfaces in other machines and 
equipment where a high resistance to wear is 
required. Thus, in the engineering industry, 
plug and ring gauges, micrometer anvils, wire 
and tube drawing dies, cold heading dies, nozzles, 
guides, and extruding dies are some of the 
applications in which the outstanding properties 
of the various hard metals are employed. In 
this instance, however, we propose to devote our 
attention to hard metals for use as cutting tools 
exclusively. 


HARD-METAL TIPPED TOOLS 


Among the multi-point milling cutters shown 
on the stand of Protolite Limited, Central House, 
Upper Woburn-place, London, W.C.1, a sub- 
sidiary company of Murex Limited, Rainham, 
Essex, was the “ Prolite’? Futur Mill seen in 
Fig. 1. This is a face milling cutter having 
octagonal solid tungsten carbide inserts clamped 
into the cutter body. Thus, when one cutting 
face is worn, the blade can be turned to the next 
available face. In its present form, each blade 
has 16 cutting faces available before re-grinding 
is necessary. Each tungsten-carbide blade is 
locked securely against a flat face incorporated 
in the cutter body. The close limits of accuracy 
maintained during manufacture render it possible 





to index the blades to run within a tolerance of 
0-001 in., providing all locating faces are clean. 

Prolite Futur Mills are manufactured in 
standard sizes ranging from 3 in. in diameter, 
fitted with six octagonal blades, each } in. in size, 
of 14 in. in diameter, having 28 octagonal blades, 
each | in. in size. The recommended speeds for 
cast iron are from 200 to 250 ft. per minute, for 
high-tensile steel 275 to 350 ft. per minute, and 
for mild steel 350 to 500 ft. per minute. 


CERAMIC CUTTING TOOLS 


One of the most recent developments in 
tipped-tool technique is that in which ceramic 
tips are employed. The ceramic tools consist of 
particularly hard and dense forms of alumina, 
to which small additions of other substances 
have been made. The ceramic tool material is 
made up in the form of rectangular pieces which, 
as shown in Fig. 2, are mechanically held in a 
suitable tool holder. It has been found advan- 
tageous to provide the tool holder with a hard- 
metal face on which to support the ceramic tip. 
It is stated in a report of experiments on ceramic 
cutting tools carried out by Firth Brown Tools 
Limited, Speedicut Works, Castle-street East, 
Sheffield, 4, that the tools used so far have had 
an approach angie of 30 deg. and an included 
plan angle of 100 deg. The top rake used has 
ranged from — 3 deg. to — 8 deg., little varia- 
tion in performance occurring over this range. 
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Fig. 1 Face milling cutter, the ‘‘ Prolite Futw 
Mill,’’ consisting of octagonal tungsten carbide 
inserts clamped into the body. When one cutting 
face is worn, the blade can be turned to the next 
available face. (Protolite Ltd.) 


Fig. 2 Rectangular ceramic cutting-tool mech 
anically held in tool holder together with a hard- 
metal support. (Firth Brown Tools Ltd.) 


The tests at Speedicut Works were conducted 
on a close-grained cast iron having a Brinell 
hardness No. of 220 and a mild steel containing 
0-2 per cent. of carbon and having a Brinel 
hardness No. of 150. The tests were compared 
with the “ hardest grades of hard metal” ent 
ployed under similar conditions, but the exacl 
nature of the hard metal used is not stated. 

In the experiment on the cast iron, at a spe 
of 1,000 ft. per minute, with a feed of 0-010 in, 
and a depth of cut of  in., the hard metal 
is stated to have sustained a flank wear 
0:85-2:02 mm. in 45 seconds. The flank weat 
sustained by the ceramic was 0-34 mm. Mi 
38 minutes and it is pointed out that the tool 
would have cut for a longer period. 

In the experiment on the 0-2 per cent. carbon 
mild steel, at a speed of 1,500 ft. per minute 
with a feed of 0-006 in. and a depth of cut 0 
i; in., the hard metal had a flank wear © 
0:51-1:64 mm. after cutting for 7 minutes 
It is stated to have been “ outting very badl 
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Fig. 3 Wohlhaupter taper boring and turning 
head mounted in a universal milling machine. 
(Machine Shop Equipment Ltd.) 


after one minute.”” The ceramic tool, on the 
other hand, had a flank wear of 0-34-1-17 mm. 
after 45 minutes. 

While it is acknowledged that the speeds used 
in the tests are much higher than are generally 
available in industry at the present time, it is 
pointed out that they were necessary in these 
tests to give measurable tool wear in a reasonable 
time and to conserve test material. 

Other tests have been carried out to try to 
evaluate the field of usefulness of the new tool 
material. In one of these an En 18 steel, heat- 
treated to a hardness of 250 Brinell, was 
machined at a speed of 1,200 ft. per minute, the 
feed being U-004 in., and the depth of cut 4; in. 
The flank wear after a duration of cut of 70 
minutes was 0-25 mm. In another experiment 


Fig. 4 Pneumatic portable rackfeed drilling 
machine for making ; in. holes through steel up 
to 3 in. thick. (Desoutter Bros. Ltd.) 


on an En 23 steel also heat-treated to 250 Brinell, 
the cutting speed adopted was 800 ft. per minute, 
the feed 0-010 in., and the depth of cut 4 in. 
The flank wear was 0-53 mm. after a duration of 
cut of 30 minutes. 

Owing to the brittleness of ceramic tools 
only finish-machining operations under good 
conditions can be carried out. The tools, 
however, are not difficult to grind provided a 
diamond wheel, similar to that used for hard- 
metal tools, is employed. 

It is concluded that the further development 
of ceramics will be complementary to hard metal 
for high-speed machining, but will not have the 
wide field of application of hard metals for 
general engineering. The firm emphasise that 
research on ceramics is proceeding and that 
supplies of the new cutting material are not yet 
available. 


TAPER BORING AND TURNING HEAD 


Sales of the German-made Wohlhaupter 
taper boring and turning head, termed the 
UK 4 Tapermaster, are handled in this country 
by Machine Shop Equipment Limited, Spenser- 
street, London, S.W.1. The head is intended 
for use when taper boring or turning is difficult 
owing to the weight, bulkiness or unbalance of 
the component. It is also useful when a number 
of accurately-spaced taper bores are required. 
The tool produces internal or external tapers 
between 0 and 180 deg. with a maximum taper 
surface length of 1-4 in. The head can be 


Fig. 5 (left) Pneumatic 

multiple tapping machine 

capable of tapping up to 

8 holes simultaneously in 

a spindle plate measuring 

7in. by5in. (Desoutter 
Bros. Ltd.) 


Fig. 6 (right) Flexible- 
drive multi-speed milling 
machine, for drilling, 
brushing, sanding and 
grinding, having a speed 
range of from 100 to 
24,000 r.p.m. (Flexible 
Drives (Gilmans) Ltd.) 
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mounted on boring machines, jig boring machines, 
milling machines, drilling machines, lathes and 
special-purpose machines and eliminates the 
need for the reclamping and locating of the 
workpiece. In Fig. 3 the head is shown produc- 
ing a taper bore when mounted on a universal 
milling machine. 

The tool can be supplied with any of the 
following shanks: Morse Tapers Nos. 4 and 
No. 5, Metric 32, Brown and Sharpe Nos. 9 
and 10, and No. 40 NMTB. Special shanks 
are also available on request. The shank and 
body are manufactured from one forging and 
all parts are hardened and ground. Sliding 
parts are lapped, thus ensuring accurate opera- 
tion and long life. The facing and _ taper- 
turning capacity is 6 in. in diameter and the 
power feed per revolution is 0-0022 in. The 
diameter of the head is 3-54 in. and its weight, 
including the shank, 11 Ib. 


PORTABLE TOOLS 


The chief item demonstrated on the stand of 
Desoutter Brothers Limited, The Hyde, Hendon, 
London, N.W.9, was their new pneumatic rack- 
feed portable drilling machine. This tool is 
designed to simplify the drilling and reaming of 
holes of a diameter of up to | in. enabling the 
work to be carried out by an unskilled operator. 
The drill, shown at work on the production of 
aircraft in Fig. 4, is the firm’s RF6 model. It is 
here seen drilling # in. holes through steel— 
sometimes up to 3 in. thick. The inverted 
position, it is pointed out, causes little concern 
to the operator. 

The main features of the drill include a 
geared hand feed which eliminates fatigue and 
enables the depth of penetration to be accurately 
controlled by means of an adjustable depth 
stop on the rack. It is stated that the geared 
hand feed enables a load of 250 lb. to be applied 
with finger-tip pressure only. A bayonet nose 
jig fitting ensures the correct alignment and 
positioning of the drill and absorbs drilling 
reaction. 

The firm have also recently produced three 
new slow-speed rackfeed drilling-machine models, 
designated RF8. These are 1 in. capacity 
machines having speeds of 60, 90 and 120 r.p.m., 
and they were specially designed for drilling 
and reaming very hard material such as titanium 
and its alloys. 

Another interesting machine on the stand of 
Desoutter Brothers, Limited, was the multiple 
tapping machine shown in Fig. 5. This is 
driven by one of the firm’s standard portable 
pneumatic tools, namely, the R16/25S pneumatic 
tapping machine, and it is capable of tapping 
up to eight holes with 4 BA threads simul- 
taneously. The pattern of the tap spindles can 
be varied to suit the holes in the workpiece, 
from 4 in. centres up to the maximum area of 
the spindle plate, which measures 7 in. by 5 in. 
The machine can be arranged to tap holes 
varying in size from 2 to 6 BA at one time. 
When tapping 2 BA threads only, the maximum 
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number of spindles that can be brought into use 
is six. 

The complete machine has been designed and 
produced by Géildersleve Design and Tools, 
Reigate, Surrey. 

On the stand of Flexible Drives (Gilmans) 
Limited, 195 High-street, Smethwick, Stafford- 
shire, was to be seen the “‘ Flexmaster ” multi- 
speed milling machine, which has a high speed 
range of from 100 to 24,000 r.p.m. The machine 
is shown in Fig. 6. The ranges of speed are 
obtained by using the four-step pulleys fitted 
to the machine in conjunction with the various 
geared hand-pieces supplied with the machine. 
The main speeds of the flexible-shaft drive are, 
respectively, 1,000, 2,000, 3,000 and 6,000 r.p.m. 
The ratios provided by the hand-pieces vary 
from a step-up of 8 to 1, to a step-down of 
10 to 1, according to their intended application, 
and all hand-pieces have quick-change fittings. 
In general, the speed ranges provide for four dril- 
ling speeds between 100 r.p.m. and 600 r.p.m.; 
four speeds between 1,000 r.p.m. and 6,000 
r.p.m. for brushing, sanding, grinding and 
rifling; three speeds between 5,500 r.p.m. 
and 16,500 r.p.m. for light grinding; and three 
between 8,000 r.p.m. and 24,000 r.p.m. for 
profile grinding and when using tungsten-carbide 
tools. 

The machine is driven by a }h.p. totally- 
enclosed, intermittently rated electric motor. 
A quick-change coupling at the motor end of the 
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flexible shaft reduces the time required whenever 
it is necessary to change the complete shaft, 
and two levers at the rear of the machine are 
provided to facilitate belt changing. The 
machine is speedily adaptable for floor, bench 
or suspended use and weighs about 110 Ib. 
The flexible drive is rubber covered, and is 
grease and acid proof. 


AUTOMATIC LATHE CHUCK 


In addition to their hand-operated and 
pneumatic chucks, and hydraulic chucks, cylin- 
ders and power units, F. Pratt and Company, 
Limited, Park Works, Halifax, were showing 
their new ‘ Auto-Grip Work Driver,” which 
provides an efficient method of driving work in 
centre lathes. It is claimed that this addition 
to the firm’s range of chucks will enable higher 
outputs to be achieved in all types of turning 
between centres. The work driver is fitted with 
three two-position indexing jaws spaced 120 deg. 
apart and made of hardened steel. The jaws 
are arranged in such a manner as to ensure 
that there is an automatic action which balances 
the load imposed on the workpiece by the 
cutting tool. The design enables the instrument 
to grip out-of-round and eccentric workpieces 
of a wide range of sizes. The drive is totally 
enclosed in a smooth steel cover which eliminates 
the risk of catching hands or clothing when the 
machine is started up. The cover also helps to 
prevent swarf from entering the mechanism. 





Fig. 1 


nuclear reactor aboard. 


Though only minor features distinguish the Convair NB-36H from any other B-36, it 
has the major distinction of being, as far as is known, the first aircraft to fly with an operating 


Air scoops aft of the wing cool the reactor. 


Propulsion 


In the first part of this week’s Atomic Review, 
we discuss the use of nuclear power for propulsion, 
dealing with its application to ships, locomotives 
and aircraft. Then follow a number of news items, 
including a rather sensational report from America 
about the usefulness of plutonium, and announce- 
ments concerning a_ conference on advanced 
reactors, the formation by Babcock and Wilcox 
Limited of an atomic energy department, and 
publication of a new journal dealing with isotopes. 


Ships 

The use of nuclear fuels for propulsion is a 
topic which is considerably highlighted by 
current fears regarding the security of Middle 
East oil supplies. But, however much some 
alternative to oil seems necessary, it is unlikely 
that atomic-powered means of transport will 
come into general use at least for some years. 
Ships at present appear to offer the most 
favourable prospect, since the weight and bulk 
of 2 nuclear reactor and its shielding do not 


present a serious drawback in a large vessel, 
and since reasonable precautions can be taken 
to prevent the dispersal of radioactive fission 
products in the event of an accident. In the 
case of locomotives and aircraft, however, these 
problems are of first importance and, though 
extensive research is being carried out to solve 
them, they will always, without some revolutior- 
ary change in reactor design, provide a major 
handicap. It seems, in any case, that for the 
road vehicle, oil will continue to be the most 
convenient mobile fuel—at least during this 
century. 

News from the United States on this subject 
has been abundant in recent weeks. At the 
end of last month, President Eisenhower signed 
a measure authorising the Government to build 
its first atomic-powered merchant ship. The ship, 
which is to be capable of serving on the main 
trade routes of the world, would cost about 
42-5 million dols., with the Commerce Depart- 
ment’s Maritime Administration and the Atomic 
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Energy Commission bearing respo sibility 
the project. The Maritime Ad ninistration 
would plan and construct the huil, and re 
Atomic Energy Commission would Produce the 
reactor. Prior to this, Representative James F 
Van Zandt had predicted that America’, 
merchant marine fleet would be converting : 
atomic power by 1961. It had also been reported 
that agreement had been reached to build a 
nuclear-driven ship capable of carrying cargo ang 
100 passengers. 

On August 8, the head of the United States 
Federal Maritime Board, Mr. Clarence Morse 
said that the Government hoped to have jt, 
first atomic-powered merchant ship by 1960 
It would be either a dry-cargo ship or a combina. 
tion cargo-passenger vessel. (Some reports 
however, suggest that a super-tanker of about 
33,000 tons deadweight is favoured.) Contracts 
for the hull would be placed early next year byt 
building of the reactor by the A.E.C, might 
take up to three years. Congress has set no 
limit on cost but it would be about that given 
above (£15 million), of which 22 million dols 
would represent the cost of the reactor unit 
Mr. Morse said that if a reactor corresponding 
to that in the Nautilus were chosen, about 27 
months would be needed for construction: jf 
a more advanced type, it would take a further 
nine months or a year. He stated that the vessel} 
would net achieve economic commercial opera- 
tion, commercially profitable nuclear ships 
would probably not be available for ten years, 

It has also been reported that the land-based 
prototype of the pressurised-water reactor power 
plant in the Nautilus at the A.E.C. National 
Reactor Testing Station, Idaho, was routinely 
shut down on August 8 after operating at full 
power for 66 days on a single charge of enriched 
uranium fuel. The 1,600 hour test was said 
to demonstrate the feasibility of nuclear-powered 
ships cruising at high speeds without refuelling 
for long periods; the comparable Diesel fuel 
consumption would be 1-6 million gallons, 
During the run, the plant was manned by US, 
Navy personnel and studied by engineers of the 
Westinghouse Electric Corporation, who deve- 
loped and built it. The prototype first produced 
power in May, 1953, and was refuelled in March, 
1956, after 24 years operation on the original 
fuel charge. The recent test will provide 
useful data on performance during extended 
high-power runs. 

It has also been reported that Nautilus, the 
United States Navy’s nuclear-powered sub- 
marine, has cruised more than 50,000 miles 
without refuelling and that another, the Sea 
Dragon is under construction at Portsmouth, 
New Hampshire. 

Norway is also planning to build a nuclear- 
propelled merchant ship. This was_ included 
in a five-year atomic-power programme sub- 
mitted to the Norwegian Parliament, and it is 
expected that the vessel will be launched in 
three to five years. The reactor work will 
probably be undertaken by the Kjeller estab- 
lishment. 

Some further details of the proposed Soviet 
icebreaker previously mentioned in ENGINEERING 
(vol. 181, page 444, 1955), have recently been 
published. The vessel was commissioned in the 
sixth Five-Year Plan (1956-1960) and is to be 
nearly 444 ft. in overall length by 91 ft. beam, 
with a displacement of 16,000 tons and a maxi- 
mum speed of 18 knots. The total engine output 
is 44,000 shaft horse-power. (Other figures 
published give: length 525 ft., beam 82 ft. and 
output 40,000 h.p.) Half the 200 MW reactor 
heat output will serve to supply two 30MW 
peak turbo-generator sets, each providing aux! 
liary power in addition to driving two screws, 
making a total of four—two forward and two aft 
—while the remaining heat is to produce steam 
for two ice-melting squirt lines directed forward. 
Emphasis has been placed on remote control, 
and it is stated that about 78 kg. of fuel will be 
sufficient to last 12 months. Passengers, I 
appears, may be carried, and 5,000 tons of freight. 

Marine propulsion by nuclear power is also 
featured in an annex to the 1955 report on s¢a 
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Fig. 2 


Heat from the n 1 
for traction. 
transport compiled by the Marine Transport 
Committee cf the Organisation for European 
Feonomic Co-operation.* The report lists the 
problems involved and the advantages to be 
gained, and gives a brief survey of current activi- 
ties in this field in the various countries concerned. 
The following are said to be some of the 
advantages offered by nuclear power for merchant 
ship propulsion: a nuclear ship would have a 
wider radius of operation; the low bulk of 
nuclear fuel, as against oil or coal, would leave 
more space for cargo, though this would have 
to be balanced against the size and weight of the 
reactor and its shielding; operating difficulties 
concerned with ballast would be minimised in 
that the change in weight. resulting from fuel 
usage would be negligible, and the maintenance 
problem caused by substituting sea water for oil 
in the ballast tanks and conversely would be 
eliminated; operating costs arising from refuel- 
ling would be small, and turn-round time 
reduced; although initial investment would be 
high, running costs, given a reduction in the cost 
of enriched fuels and reasonable technical 
progress, would be low; and finally it might 
be convenient to use more powerful machinery 
giving considerably higher speeds. 

Apart from the drawback concerning reactor 
shielding already referred to, the problem of 
safety is a serious one; a nuclear ship sinking 
ina busy port might cause widespread damage, 
but this difficulty can eonceivably be overcome 
by careful containment. The economic problem 
of competitive running costs is more uncertain; 
to obtain a satisfactory power-to-bulk ratio, it 
would be necessary to use enriched fuel and until 
supplies are available at a low price, only naval 
or prestige vessels are likely to be so operated. 
However, changes in the world’s economic 
pattern may alter the situation. 

The U.S.A.E.C. has recently approved 
construction of a prototype reactor plant to 
power a small submarine. The reactor will be 
built at the Nuclear Engineering and Develop- 
ment Laboratory being established near Windsor, 
Connecticut, by Combustion Engineering, Incor- 
porated, of New York City. The estimated cost 
of construction is about 10 million dols. and 
construction is scheduled to begin in the near 
future. 

The reactor project, designated SIC, is based 
on a requirement of the Department of Defense 
for the development of a _nuclear-powered 
small submarine. The research and develop- 
ment contract for the reactor and associated 
systems was awarded in July, 1955, to Com- 
bustion Engineering, the third major AEC 
contractor to enter the naval reactor develop- 
ment programme. The other two, Westing- 
house Electric Corporation and General Electric 
Company, operate AEC laboratories under 
contracts with the Commission. Construction 
of this prototype will permit solution of technical 

* One of a series of reports entitled Trends in 
Economic Sectors, O.E.E.C., 2 Rue André-Pascal, 
Paris (price 9s.). 
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For long hauls in sparsely populated areas the atomic-powered locomotive may eventually 
prove a useful means of rail traction. 


he nuclear reactor, left, converts water into steam which drives a turbo-generator. 
The steam from the turbine is condensed and returned to the reactor as water for re-use. 


The turbo-generator supplies power 


problems prior to installing a similar reactor 
plant in an operating submarine. 


Aircraft 


As reported in our issue of April 13 (vol. 181, 
page 221, 1956), tests on an airborne reactor 
are under way in America. Fig. | shows the 
first published picture of the aircraft, an inter- 
continenial bomber designated the Convair NB- 
36H, which is the basis of research being carried 
out by the Fort Worth (Texas) plant of the Con- 
vair Division of the General Dynamics Corpora- 
tion, which holds a United States Air Force 
contract to develop an atomically driven aero- 
plane. Vapour trails indicate the great altitude 
of the NB-36H during a flight somewhere over 
the south-western United States. The low rated 
Convair-built reactor does not power the 
aircraft, and is only started up when the NB-36H 
is high over an unpopulated area. Its purpose is 
to provide data on airborne nuclear reactor 
operation concerning, for example, the effects 
of radiation upon instruments, equipment and 
airframe, methods of shielding the flight crew, 
reactor operators and electronic devices from 
radioactivity, and the behaviour of novel nuclear 
instrumentation. The aircraft’s dark-blue nose 
differs sharply from that of a conventional B-36 
and the huge vertical tail carries an orange 
radiation symbol. Air scoops on the fuselage 
aft of the wing serve for cooling the reactor. 
Convair are said to have been engaged on this 
work since 1951. 

There have also been a number of other reports 
concerning atomic powered aircraft projects 
in the United States. A second airframe 
development contract has been awarded to the 
Lockheed Aircraft Corporation, of Burbank, 
California, who are to build a factory (owned by 
the Government, operated by Lockheed) for 
this purpose near Dawsonville, Georgia. In 
addition, the U.S. Air Force is to build a runway 
15,000 ft. long at the National Reactor Testing 
Station at Arco in Idaho. At the Wright Air 
Development Center, Dayton, Ohio, the Air 
Force’s Air Research and Development Com- 
mand has started work on a 10 MW research- 
reactor which will be used to test aircraft 
materials, components and systems. Due to 
be completed by the beginning of 1958, the 
reactor and its associated equipment will be 
known as the Air Force Nuclear Engineering 
Test Facility, and besides a water moderated 
and cooled pile, said to be similar to MTR, will 
include two large irradiation test cells and a 
swimming-pool bulk-shielding facility. 

It has also been announced that the French 
Société Nationale d’Etude et de Construction de 
Moteurs d’Aviation (SNECMA) has established 
a nuclear engine division under M. Raymond 
Marchal, the organisation’s chief engineer, at 
its plant in Suresnes, Paris. Little has yet been 


published on British work in this field but it is 
known that Rolls-Royce Limited, Derby, are 
engaged on research into the problems of using 
nuclear reactors in aircraft (ENGINEERING, vol. 
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181, page 220, 1956), as are the Hawker Siddeley 
group, who are understood to be interested in 
liquid-metal cooled reactors. The construction 
of the swimming-pool research reactor LIDO 
will also help to solve the shielding problems 
associated with aircraft-borne reactors. 

The civil airliner would seem to offer less 
scope for the application of nuclear reactors, 
owing to the difficulty of shielding, the need for 
economic operation, and the generally adequate 
range of current or envisaged aircraft. Never- 
theless, considerable interest in the U.S.A. is 
being directed towards this possibility. Earlier 
this year (May 17), a report of the U.S. Civil 
Aeronautics Administration stated that atomic 
power plants for airliners were likely to be on 
the drawing-boards of civil aircraft manufac- 
turers by 1965, and a paper recently released 
by the United Nations Organisation predicted 
that in 20 years time, atomic-powered air 
freighters would be in use, flying at supersonic 
speeds in the region of 1,000 m.p.h. non-stop 
between any two points in the world. Publica- 
tion of the paper was intended to help the 
International Civil Aviation Organisation, meet- 
ing in Caracas, Venezuela, to plan the air 
navigation aids and services which will be 
necessary 20 years from now. The ICAO is a 
sub-organisation of the United Nations. The 
paper points out that aircraft to be introduced 
into seivice within the next few years, will be 
capable of travelling at 600 m.p.h. carrying 
150 passengers on non-stop flights of up to 
4,000 miles. It states: “It seems doubtful 
whether during the next decade the airlines will 
want to carry more than 150 passengers on one 
aeroplane, but there is scope for a very great 
increase in range. This will not be easy to 
achieve with any degree of economy with 
present-day power-plants and fuels, and would 
certainly necessitate a very large aeroplane. 
It is more likely that the very long-range aero- 
plane will use atomic power. Because such a 
power plant is inherently heavy the aeroplane 
will be very large. Estimates of the smallest 
practicable atomic-powered freighter range as 
high as 500,000 pounds, and it is not unreasonable 
to expect that, in 20 years time, there will be civil 
transport aircraft with maximum weights of the 
order of a million pounds. They will be 
developed primarily for freight-carrying but may 
well carry passengers also.” 

Occasionally a technical development may 
mean that it becomes economic and practical to 
revert to methods long abandoned or never 
hitherto considered suitable; steam turbines 
might for example be used in aeroplanes, with 
steam supplied from a reactor. This may be 
true too in the case of the airship. Vice-Admiral 
Charles E. Rosendahl, executive director of the 
U.S. National Air Transport Co-ordinating 
Committee, a leading authority on the design 
and operation of lighter-than-air craft believes 
there is a future for atomic-powered airships. 
He is reported as saying that such machines 
would be speedy and have an almost unlimited 
flying range; new methods of controlling 
boundary-layer effects might lead to lower air 
resistance and hence higher speeds, and the 
additional weight provided by the reactor and 
its shielding could be partially compensated by 
use of a recently perfected airship-envelope fabric, 
which had a much greater strength-to-weight 
ratio than earlier materials. It is stated that 
in the case of a current U.S. Navy non-rigid 
airship 351 ft. long and 81 ft. in diameter (norm- 
ally inflated with non-inflammable helium 
gas), the new fabric could effect a weight saving 
of 3,000 Ib. Admiral Rosendahl also remarked 
that the evolution of helium as a product of 
some nuclear reactions might mean that the 
aircraft’s helium supply could be replenished 
from its propulsion plant during flight. 


Locomotives 

The use of the nuclear reactor as a means of 
hauling railway trains is as problematical as its 
application to aircraft, except that airliners might 
conceivably travel on routes chosen to keep clear 
of centres of population, whereas in Britain, at 
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least, the density of cities and the tight network 
of railway services would make the atomic 
locomotive a permanent hazard. Moreover, in 
this country, the electrification programme is 
so advanced that if nuclear sources are to be used 
for traction, then power will probably be obtained 
most conveniently from atomic power stations 
by way of the grid. In America and the U.S.S.R., 
however, where large tracts of land are sparsely 
populated, the reactor-propelled train may, if 
small economic reactors can be developed, serve 
some purpose. Thus in these two countries— 
and also in Germany—there has been some 
discussion of nuclear-driven locomotives; in 
fact, such an engine is said to be almost ready 
for trials in the Soviet Union, where it may be 
used on the trans-Siberian runs. In America, 
Senator John Marshall Butler has sponsored a 
bill calling for immediate construction of an 
atomic locomotive, which, he believes, would be 
both safe and practicable. Industrial concerns 
are reported to have already started work on 
component parts, and joint studies of design 
problems have been undertaken. The sketch 
reproduced in Fig. 2 is understood to have been 
taken directly from engineering drawings already 
prepared. 

Senator Butler considered that an atomic 
locomotive would not be heavier or longer than 
present American Diesel locomotives and hence 
would be able to use existing permanent way 
(it is significant that the General Motors 
Corporation envisage basic chassis units which 
will carry turbine or Diesel generators, or heat 
exchangers and nuclear power plants, should 
these become economical). An atomic loco- 
motive should be capable of heavy overloads for 
brief periods and might therefore be specially 
useful where many quick starts with heavy loads 
were required. Safety devices would be very 
numerous, he said, and the reactor would be 
sheathed in a sealed housing of laminated steel 
4 ft. thick. Specialists had predicted that 
railways could have their first atomic locomotives 
in operation by 1960, and by 1970 they should 
be justifying their existence economically in 
long-haul high-speed service. 

The use of atomic power in locomotives was 
considered by the McKinney Panel which 
reported to the Joint Congressional Committee 
on Atomic Energy earlier this year. They noted 
that scientific and engineering data obtained in 
the ship and aircraft programmes _ indicated 
that atomic locomotives would be feasible in 
terms of foreseeable technology, but that the 
capital investment involved would probably be 
greater than with Diesel-electric locomotives. 
They believed that the maximum impact on the 
oil industry which would result from complete 
conversion from Diesel to atomic power would 
be considerably less than was the impact on the 
coal industry of the change from coal-fired 
steam to Diesel-electric locomotives. It should 
be noted that enriched fuel would almost 
certainly be required for a locomotive reactor. 


Fuel Sensation 


Last week the New York Herald Tribune 
(August 14) reported that, in the view of Com- 
missioner Willard F. Libby of the U.S.A.E.C., 
‘** the only use for plutonium known is in atomic 
weapons. No country has yet developed the 
technology of burning plutonium [in a power 
reactor]. This implies that stocks of plutonium, 
such as those produced at Windscale and later at 
Calder Hall will be worthless except for weapon 
purposes. It should be emphasised, however, 
that a contrary view has since been expressed by 
a spokesman of the United Kingdom Atomic 
Energy Authority in an interview with The 
Scotsman. Dr. Libby’s disclosure was made in 
an address prepared for delivery before the 
California section of the American Chemical 
Society; he believed that the possibility of 
utilising plutonium in a power reactor existed, but 
at present no one knew how to do it. The 
A.E.C. has eight plutonium producing reactors— 
at Hanford, Washington, and Savannah River, 
South Carolina. 

The U.K.A.E.A. spokesman, previously men- 





tioned, said that the Authority considered 
plutonium to be a most valuable fuel, and 
especially in a fast reactor. Nothing had 
happened since the publication of the White 
Paper to invalidate the calculation which it 
contained. A clue to this apparent conflict, 
which may of course have arisen from misunder- 
standing, was given by Mr. R. N. Millar, head of 
the G.E.C. Atomic Energy Division, in a Press 
conference last week (see Weekly Survey). In 
answer to a question concerning power reactor 
fuels, he remarked that there were all kinds of 
plutoniums. What he may have meant was that 
plutonium was produced in a reactor with various 
admixtures of higher isotopes. These would 
possibly be very unstable and give rise to un- 
controllable chain reactions. However, there 
seems no obvious reason to exclude their separa- 
tion by normal methods in an electromagnetic 
separator or otherwise. It would seem, if 
separation were not possible, that a plutonium 
bomb would also be highly dangerous and its 
detonation unpredictable. On the other hand 
the disadvantage may be simply one of toxicity. 


Notices 

Babcock and Wilcox, Limited, Babcock 
House, Farringdon-street, London, E.C.4, have 
recently announced the formation of an Atomic 
Energy Department to be operative from 
October 2. The new department will be res- 
ponsible under the direction of Mr. W. F. C. 
Schaap, the company’s chief engineer, for 
development, proposition and contract engineer- 
ing in the atomic energy field. The chief engineer 
of the Atomic Energy Department will be Mr. 
T. B. Webb, assistant manager Mr. W. R. 
Wootton, and chief research engineer Dr. 
W. B. Carlson. 

The first two numbers of The International 
Journal of Applied Radiation and Isotopes have 
recently been published by Pergamon Press, 
Limited, 4 and 5 Fitzroy-square, London, W.1. 
The editorial board includes: P. C. Aebersold 
(Oak Ridge), J. Coursaget (Saclay), V. N. 
Kondratiev (Academy of Sciences, Moscow), 
J. L. Putman and H. Seligman (A.E.R.E., 
Harwell); and the first issue, which has an 
editorial by Sir John Cockcroft, deals with 
such topics as: preparing and maintaining radio- 
activity standards, tracer techniques for sand and 
silt movements under water, liquid scintillators, 
and gamma-ray vulcanisation of rubber. 

The United Kingdom Atomic Energy 
Authority announce that on November 30, a 
conference is to be held at which their programme 
of research on advanced power reactors will be 
explained to representatives of British industry. 
In addition, salient features of the systems 
chosen for investigation will be described. 
Following the conference British firms wishing 
to do so may be kept informed concerning 
general progress of work on these reactor 
systems. The information will be supplied at 
an annual conference on each system. Applica- 
tion for admission to this scheme and to the 
initial conference, which will be limited to about 
200 industrial representatives, should be made 
to the Director (Industrial Collaboration Office), 


A Whirlwind Helicopter 
equipped with pontoon — 
undercarriage makes an 
engine-off landing on 
the sea at Calshot, 
Southampton, during 
trials to obtain Air 
Registration Board clear- 
ance for amphibious 
operation. 
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Atomic Energy Research Establishment, Harwell, 
near Didcot, Berks not later than August 3]. 


=< 2 = 


BRITISH POWER STATION 
EFFICIENCY 


The Central Electricity Authority announce 
that the overall thermal efficiency of their steam 
power stations in England and Wales during 
the year ended March 31, 1956, was 24-35 per 
cent., compared with 23-83 per cent. dur 

the previous twelve months. This improvement 
was principally due to the commissioning of 
new high-efficiency plant, although the greater 
availability of existing plant also played a part 

This increased efficiency represented a saving 
of 900,000 tons of coal, which would have to have 
been consumed had the previous year’s figure 
been maintained. It also represented a reduction 
of some £3 million in operating cost. Moreover 
if the thermal efficiency had remained at the same 
figure as on vesting date, eight years ago, the 
coal consumption would have been 23 million 
tons greater and its cost £74 million more, 

Special efforts were also made during the year 
to reduce the time taken to overhaul the plant 
and thus to minimise the loss of capacity at 
times of peak load. The result was that a record 
figure for availability of 93-2 per cent. was 
reached in February, 1956, which was the month 
when the winter maximum demand occurred, 
The corresponding figure in February, 1955, was 
89-6 per cent. and the improvement over the 
year represented an additional net output 
capacity of 676 MW. Had there been no 
improvement in plant capacity the corresponding 
result would only have been achieved by instal- 
ling new plant at a capital cost of about £40 
million. 

The total number of employees at the Autho- 
rity’s steam-generating stations in England 
and Wales at March 31, 1956, was 35,094, 
compared with 33,996 a year previously. This 
increase of only 3-2 per cent. in employment 
contrasts with the increase of 8-6 per cent. in 
Output capacity and of 9-3 per cent. in the elec- 
tricity supplied. 

xk k x 


HELICOPTER ON FLOATS 


A Whirlwind helicopter constructed by Westland 
Aircraft, Limited, Yeovil, fitted with a new type 
of rubber float, has carried out successful landing 
and taxying trials on the sea at Calshot. For 
the purpose of the trials, the helicopter was 
loaded to its maximum all-up weight of 7,500 lb., 
and among other tests it carried out a series of 
engine-off landings on the sea. 

The object of the trials was to obtain the 
approval of the Air Registration Board for the 
Whirlwind to be operated over sea areas with 
this type of float. 

The floats, which weigh approximately 320 lb., 
take the place of the normal undercarriage and 
are held in position by a tubular structure. 
When not in use they can be deflated and stowed 
in the cabin. 
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In Parliament 


A FULL YEAR REVIEWED 


jn addition to affairs of strictly political conse- 
quence, a great many matters of scientific and 
echnical importance have been brought before 
thetwo Houses of Parliament since the commence- 
ment of the present session on June 7 last year, 
and part of the fruit of these labours is to be 
found in the numerous Acts passed in the inter- 
vening period. It is of more than passing 
interest to note, for example, that no fewer than 
43 Acts received the royal assent at the beginning 
of this month alone. Many of the documents 
then approved were of considerable engineering 
and industrial significance, as may be gleaned 
fom their titles, and among them may be 
mentioned the Transport ( Disposal of Road 

Haulage Property) Act, the Coal Industry Act, 

the Restrictive Trade Practices Act, the British 

Transport Commission Act, the Liverpool 

Overhead Railway Act, the Department of 

Scientific and Industrial Research Act, and the 

Road Traffic Act. 

This last-mentioned measure, the Road Traffic 
Act, 1956 (H.M.S.O., price 3s. 6d. net), is, 
without doubt, the most important piece of 
road-transport legislation to be enacted for more 
than 20 years. It may well change completely 
the whole pattern of road usage in Britain. 
Among its enactments are provisions for com- 
pulsory vehicle tests, drastic restrictions on 
parking, the fining of pedestrians for disobeying 
police traffic signals, and enhanced penalties on 
motorists for dangerous or careless driving. 
One of its most-keenly contested clauses has been 
that giving power to the Minister of Transport to 
approve schemes involving the use of parking 
meters for both long-term and short-term parking. 
The motoring organisations have never taken 
kindly to proposals for the use of these meters 
and have fought strenuously against the Govern- 
ment on this issue. Nevertheless, the Govern- 
ment’s wishes have prevailed, but they have 
promised to use all the profits from the use of 
these instruments for the construction of more 
off-street parking accommodation. 

Altogether, there were hundreds of amend- 
ments, some of them moved by the Government 
themselves. It is not surprising, therefore, 
that many days of parliamentary time were given 
up in both the House of Lords and the House 
of Commons to discussions on the various clauses 
of the Act, during the period since the introduc- 
tion of the original Bill in December, 1954. 


REDUCING AIR POLLUTION 


Britain’s expenditure on research is now 
stated to be running at the rate of some £235 
million a year and it is not surprising, therefore, 
that much detailed attention was also given to the 
Department of Scientific and Industrial Research 
Act, 1956 (H.M.S.O., price 6d. net), on its 
progress through each of the two Houses. This 
Act, introduced in the House of Lords, arose 
from the recommendations of the Jephcott 
Committee, and provides that the Department 
shall be in the charge of a newly-established 
research council, which shall be executive in 
function and not merely advisory. Subject to 
over-riding ministerial control, this body will 
determine policy, fix the broad order of priorities 
In research, and determine what resources these 
researches merit. 

Another of the session’s enactments which will 
have a far-reaching effect on industry, is the 
Clean Air Act, 1956 (H.M.S.O., price 1s. 9d. net). 
This measure is based on the recommendations 
of the committee presided over by Sir Hugh 
Beaver, M.1.C.E., which reported its conclusions 
in the autumn of 1954 and, as its name implies, 
is aimed at drastically reducing all forms of 
atmospheric pollution. Its provisions will come 
Into operation when decided upon by the 
Minister of Housing and Local Government (in 
the case of England and Wales) or by the Secretary 
of State for Scotland (in the case of Scotland). 
The Act prohibits the emission of dark smoke 





from chimneys, railway engines and shipping. 
It demands the efficient use of efficient plant, that 
industrial furnaces installed in the future shall 
be operated, as far as practicable, without 
emitting smoke, and that the discharge of grit 
and dust from furnaces shall be reduced. These 
requirements will involve substantial improve- 
ments and alterations to many industrial plants, 
on which account the Government has accepted 
a recommendation of the Beaver Committee 
that there shall be a seven-year period of grace. 
The prevention of domestic smoke is another 
aim, but it is intended that this major operation 
shall be achieved gradually. 

A Clean Air Council and, in Scotland, a Clean 
Air Council for Scotland are to be set up, for the 
purposes of keeping under review the progress 
made in abating the pollution of the atmosphere 
and of obtaining the advice of persons with 
special knowledge and experience to that end. 
Both Councils will be consultative. 


PASSING ON INFORMATION 


It is not only in discussions on Bills, however, 
that Parliament has displayed its interest in 
technical matters, as much has also been accom- 
plished in debates and during question time. 
On February 8, for instance, an adjournmeiit 
debate was initiated in the House of Commons 
by Air Commodore A. V. Harvey, C.B.E. 
(Conservative) on the need for the freer exchange 
of technical information, especially in the 
aeronautical industry. He said that some of the 
growing disquiet in that industry might well be 
due to an insufficient exchange of ideas between 
firms and countries. He thought that firms had 
been to blame to a certain extent, but, under 
successive Governments, they had had to cope 
with far too many projects. 

Although many research and development units 
had been brought into being since the war began, 
it did not seem that all the information gained 
was percolating down to the smaller firms. 
Information derived from such an undertaking 
as the Bristol Brabazon project, on which 
between £11 and £12 million of the taxpayers’ 
money had been spent, should be made available 
to every British company. The Government 
themselves had done an exceedingly fine job in 
passing on information. The Royal Aircraft 


Establishment, Farnborough, had also rendered ° 


great service to the country and the aeronautical 
industry, but, even so, it was doubtful whether 
as much information was emanating from 
Farnborough as there should be. 

On behalf of the Government, Mr. F. J. 
Errol, Parliamentary Secretary to the Ministry 
of Supply, emphasised that there had been a 
vast increase in the basic knowledge of aero- 
dynamic problems, especially in those relating to 
aircraft travelling at or above the speed of 
sound, and that there had been comparable 
advances in techniques. There was a free 
exchange of information at the basic research 
stage in aircraft design in projects sponsored by 
his Ministry. In the development stage, mech- 
anical and engineering skills had to be exploited 
and there could not be a 100 per cent. collabora- 
tion in a healthy competitive industry. 


NUISANCE OF NOISE 


A subject which has arisen on several occasions 
during the session is that of noise and the 
measures that should be taken to reduce this 
evil. Many aspects of the problem were referred 
to in a Commons debate on December 2 last, 
opened by Sir Lionel Heald, Q.C. (Conservative). 
He pointed to the detrimental effect which noise 
and vibration had on the health and efficiency 
of the nation, and urged the Government to 
give careful attention to the importance of 
research and education in this field, and to 
provide more effectively for the protection of the 
public. 

He agreed that, in certain circumstances, 
some noises were approved, especially by 
young people, and that there were persons who 
considered the problem so difficult that there 
was no object in trying to do anything about it, 
Examples of particularly worrying noises men- 
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tioned by Sir Lionel were those produced by the 
riding of motor bicycles, the testing of aero- 
engines, the unloading of steel scaffolding and the 
working of road drills. He paid tribute to the 
splendid work being done by the Building 
Research Station at Garston, and by the aircraft 
manufacturers. On the other hand, the Govern- 
ment’s regulations in respect of road vehicles 
had been largely unsuccessful. 

Mr. R. Gresham Cooke, C.B.E. (Conservative) 
considered that the nature of noise was more 
important than its quantity. An irregular or 
jagged noise was more striking than a rhythmic 
flow. Noise seemed to be inseparable from 
movement. Sir H. Lucas-Tooth, Joint Under- 
Secretary of the Home Office, thought the noise 
of jet engines about the worst he knew and 
outlined some of the efforts being made to solve 
the problem. He pointed out that basic research 
into noise reduction was being carried out at 
the College of Aeronautics, the National 
Physical Laboratory, and at the universities of 
Southampton and Manchester. 


Area Rule in Aircraft Design 


Among other important aeronautical subjects 
brought forward was how far the area rule was 
being applied to the design of British aircraft. 
and it was stated that, since 1952, several 
United States aircraft embodying that principle 
had obtained increases in their speeds of around 
25 per cent. Mr. Reginald Maudling, the 
Minister of Supply, said that a report on the 
rule had been released to the British Government 
in January, 1953, and made available to all 
designers of British military aircraft. Few 
improvements had resulted, because the rule was 
of benefit only in the case of aircraft designed for 
supersonic speeds and because British supersonic 
projects were found already to conform closely 
to its principles. Research on helicopters, safety 
requirements, and suggestions for improving 
travel to London Airport were among the matters 
broached on a number of occasions in each of 
the two Houses. 


Railways into Roads 


Rural needs in transport, and the difficulties 
caused to small communities by the closing of 
branch railway lines, were raised from time to 
time. During the debate on a private member's 
Bill for the improvement of rural transport 
facilities, a suggestion was put forward that 
when it was finally decided that a railway line 
could not be operated efficiently, even as a light 
railway, the possibility of the conversion of the 
line into an ordinary road should be considered. 
It was pointed out on this and other occasions 
that the principal reason for closing these lines 
was lack of traffic and the consequent loss which 
the British Transport Commission incurred in 
keeping them open. Reference was made to 
the various new developments being investigated 
by the Commission, one of which, the multiple- 
unit Diesel-engined railcar, was proving extremely 
satisfactory and might provide a solution in some 
cases. 


Wastefulness of Aswan High Dam 


In May, the view was put forward that the 
construction of the proposed high dam at Aswan 
was contrary to the general interests of all the 
surrounding riverine nations except Egypt, that 
it could endanger Britain’s future interests in 
East Africa, and that it was economically and 
hydrologically wasteful compared to alternative 
projects. Mr. Anthony Nutting, Minister of 
State for Foreign Affairs, considered that a 
review of the Nile Waters Agreement was needed, 
an essential preliminary being a settlement of 
differences between the Egyptian and Sudanese 
Governments. 

In addition to the foregoing items, atomic 
energy, automation, technical education, and 


general scientific developments, ranging from the 
fall of strontium on Britain to rain-making ex- 
periments in Africa, all received their quota of 
parliamentary attention, as has been indicated 
in past notices in these columns. 
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THE HUMAN 
ELEMENT 


American steelworkers obtain improved conditions 
of service—Improved security in U.S. workshops— 
Fair treatment for surplus labour, in Britain— 
Despite full order-books, shipyard workers are 
laid off—Stopping repairs to ships’ boilers— 
Making cricket pay. 


“x * 


Dream Settlement in U.S. Steel 


The contract secured by the United Steelworkers 
of America has exceeded all expectations. It 
makes the steelworker one of the most secure, 
best paid, and best ‘ looked after ” of employees 
in the United States. The strike settlement 
guarantees three years of steady gains in wages 
and other benefits without the possibility of work 
interruption through strike or lock-out. 


The employers estimate that the cost of the . 


new agreement to the industry could be as high 
as 3s. 1ld. an hour. The value to the steel- 
workers was estimated at over 1,300 million 
dols. per annum. Wages will rise by 2s. an 
hour over the three years and the minimum 
wage scale will be increased from the current 
11s. 10d. to 13s., to 13s. 6d. next year and to 14s. 
two years from now. In addition, the workers 
are protected against a rise in the cost of living 
by a provision for automatic adjustments 
every six months. Sunday pay, holiday pre- 
mium pay, additional holidays, improved shift 
premiums and improved pensions and insurance 
provisions are specified in the contract. Perhaps 
the most important gain is the granting of the 
annual guaranteed wage. All workers with two 
years’ service will be entitled to additional unem- 
. ployment benefits equal to 65 per cent. of 
““take home pay ” for all 52 weeks in a year. 
This is better than the terms negotiated by the 
Automobile Workers, who only qualify after 
three years’ service. 

That the industry should be in a position to 
grant such large and widespread benefits is the 
measure of its confidence in its own future. 
Repercussions in other industries—which will 
have to bear an increase in steel prices—are 
likely to be widespread. 
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Automation Safeguards 


An agreement concluded recently in the United 
States between the International Brotherhood of 
Electrical Workers and the electric light and 
power industry provides ccnsiderable safeguards 
for the older workers. Any employee with 
five or more years’ service cannot be “ laid off 
because of lack of work, nor shall his rate of 
pay be reduced thereby.”’ It is the employer’s 
responsibility to offer redundant or displaced 
workers a job “ within the division in which he 
is employed and for which he is qualified.” 
This is well in line with American practice, and 
is part and parcel of the desire for security so 
strongly expressed by American workers in 
recent years. There is nowhere a deliberate 
resistance to change, technological or geographi- 
cal, but a determination on the workers’ part 
that they shall be adequately safeguarded against 
personal hardship. Security of employment, 
shorter working hours and the right to be trained, 
or re-trained as the case may be, in the new skills 
at industry’s expense is the keynote of most 
recent demands for improved conditions and 
status. 

Such an attitude does not appear to be intro- 
ducing inflexibility in the U.S. economy. On the 
other hand, it is creating a situation where labour 
is almost a fixed overhead cost, with additional 
cost if it is required to adapt itself to new tech- 
niques and to acquire new skills. It could be 
argued that this is likely to retard change, partly 
by making it expensive, partly by creating 


difficult managerial problems of transition, 
partly by making it almost prohibitive to have a 
seasonal pattern of production (traditional in 
many industries). Yet there is no evidence that 
the granting of security to the workers is slowing 
down the rate of change. The only visible effect 
is good: it is forcing managements to even-out 
production throughout the year. 


x * * 


The Vauxhall Way 


Commenting on Vauxhall Motors’ handling of 
their redundancy problems, an official of the 
A.E.U. said: “‘ This is the way things should 
be done.” How different this is from the angry 
exchanges which accompanied similar action by 
Standards and the B.M.C. The smoothness 
with which the surgery was done—1,070 workers 
have been dismissed and short time is to be 
introduced next month affecting a further 500— 
is remarkable, but perhaps only because the 
application of common sense to a delicate 
situation is in such contrast to what has been 
done elsewhere. Several weeks’ notice was 
‘given, and all dismissed employees are to receive 
an additional week’s pay on leaving. 

The announcement on the proposed course 
of action “‘ regarding the handling of the excess 
labour ’’ was made after a meeting of the 
company’s management advising committee. 
This committee consists of 6 representatives of 
the management and 21 elected representatives 
of the 17,000 employees. The reasons were 
fully explained to the men, namely that the latest 
forecasts of demand for cars and trucks are 
sharply down, both for home and export. 
The combination of short-time and lay-offs will 
be of interest to the other companies in the 
industry. Alternate working weeks of 4 days 
and 5 days will be introduced from the beginning 
of September, in all production and _ allied 
departments. This will make unnecessary the 
sacking of some 500 men, or one-third of the 
total excess. The remainder are to be given 
priority for re-employment if vacancies occur in 
the future. 

x Ff F 


Dismissals in the Shipyards 


Owing to lack of work, 600 men are to be 
dismissed at the Belfast yard of Harland and 
Wolff. This is indeed a surprising development 
in an industry losing orders on account of long 
delivery delays. Rarely have British shipbuilders 
had such full order books. The announcement 
was almost immediately followed by a ban on all 
Overtime and piece-work, the response to which 
was described by an official of the A.E.U. as 
** 100 per cent. satisfactory.”” The matter was 
raised at the Annual Conference of the 
Confederation of Shipbuilding and Engineering 
Unions at Hastings. The wording of the 
resolution suggested strong resentment at the 
management’s decision: “‘ This annual meeting 
recommends all affiliated union executives to give 
the same support against redundancy as in the 
British Motor Corporation struggle.” 

The management’s decision, and the manner 
in which it has been carried out, is difficult to 
understand. There is evidently a lack of 
balance in the labour force, which has followed 
the completion of the Canadian aircraft carrier 
** Bonaventure.”” The unions’ reaction suggests 
that all is not well in the company’s worker- 
management relations and that, as in the case 
of the B.M.C., no prior consultations were held 
with the workers’ representatives. The ensuing 
dispute is very unfortunate, especially in view of 
the recent statements made by American owners 
concerning unreliable deliveries in British yards. 
More troubles of this kind are unlikely to restore 
the much-needed confidence on the part of world 
shipping operators in the ability of British yards 
to adhere to their delivery promises. 

The unions are to make strong representations 
to the Government and Service Departments 
‘**to ensure that necessary new and repair work 
is immediately available to keep the shipyards 
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in full production.” In the circumstap 
should not be very difficult to achiev 
surprising that it should be necessary, ~ 
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Angry Boilermen 


Another attempt last week by the 
executive of the United Society of Boiler 
to end the five-weeks strike of more thay j 
boilermakers in the ship-repairing j 
failed to move the men. Tempers ape gy 
The day before, apprentices agreed to joi 
strike at a union meeting to which ¢ 
invited. Coming as it did immediately af 
boys—at a private meeting—had decided 
joining, there was an angry reaction from 4 
parents, who said that pressure had been 
to bear on their sons. The officials admitted) 
the apprentices had been told that their, 
tinuing to work while their seniors went on 
would not commend them for membershinas 
the union when their apprenticeship ended. ty 
said: ‘“‘ we brought no more pressure on # 
than the employers, who threatened them 
the Army.” : 
That so determined an effort should have} * 
made to secure the support of a few apprep 
is an indication of the growing bitterness of 
men. They claim a 50 per cent. increase on 
existing basic wage rate, and mean to gee 
The strike leaders have said that, through th 
Confederation of Shipbuilding and Engine 
Workers, they are determined to stop all reg 
work on ships’ boilers. Mr. J. J. Ha 
district secretary of the union, explained 
they had rejected the U.S.B. national exegut 
recommendation to resume work pep 
negotiations on their claims because the § 
were afraid employers would take advanta 
the resumption to make the negotiations dragé 
If, as is now likely, the men get the suppo 
of their union’s national executive and 
of the Confederation, a very nasty situation 
may develop. Ship-repairing is highly com: 
petitive, and the British industry cannot 
a major stoppage. 


x k * 


The Plight of County Cricket 


County Club cricket is heading for a fall, 
the organisation of the game is changed radi 
—to broaden its public support, increase 
proportion of its income arising from @ 
receipts, end the distinction between am ur 
and professional and root out the snobbery aid 
class distinction which is said to exist in must 
of the county club committees. This was i 
main conclusion reached by Political and Beot 
omic Planning (P.E.P.) in their latest br 
so irreverently called The Cricket Industry. Tw 
make the game truly popular P.E.P. suggest 
week-end matches, which would make a 
larger number of gifted players available” 
selection and “ might be a solution which would 
allow county cricket to avoid the extremes a 
both commercialism and conservatism.” 
P.E.P. examine the finances of counties i 
same detail and point out that members @ 
scriptions are for some counties more im 
than gate receipts (the proceeds of private foot 
pools make up just over one-third of gs 
receipts in some cases). The earnings of pi 
fessionals are not high unless they afe 
players able to capitalise their popularity 
sponsoring and advertisement fees. A regi 
first team player may earn between £700 
£900 if he plays for one of the more 
counties, from £600 to £750 “‘ in the less 
or less successful counties,” plus what hes 
earn from other activities or on overseas Wis 
during September to April. e. 
P.E.P. have pointed out much that 
escapable: popular sport has suffered 
since the advent of television, and it wol 
unrealistic to expect the downward trem@) 
receipts to change. The present picture, I® 
ever, is probably less hopeless than the 
sheet suggests. 
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